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DIRECTOR  NOTES 


With  this  issue,  we  are  completing  our  eighth  year  of  publication.  During  the  past 
year  we  have  seen  significant  composition  improvement.  Dr.  Eshleman  and  the 
Vibration  Institute  are  to  be  congratulated  for  producing  consistently  excellent 
copy.  Unfortunately,  some  ot  the  issues  have  been  spoiled  a bit  by  less  than 
desirable  printing  quality.  We  are  now  trying  to  solve  this  problem. 

The  47th  Symposium  is  now  history,  and  very  successful  history  indeed.  Thanks 
is  due  to  our  host.  The  Defense  Nuclear  Agency,  principally  represented  by 
Dr.  Eugene  Sevin,  who  was  instrumental  in  organizing  the  excellent  opening  session. 
Commendations  are  due  for  the  SVIC  staff-Rudy  Volin,  Gordan  Showaiter.  and 
Barbara  Szymanski -who  carried  out  the  onsight  responsibilities.  Special  thanks 
to  Carol  Healey  who  minded  the  store  at  home.  She  is  like  the  astronaut  who 
goes  to  the  moon,  but  must  remain  in  orbit  while  the  others  land.  A special  fond 
"thank  you"  to  my  wife,  Sallie,  who  managed  the  well  received  program  for  the 
ladies  in  attendance.  I,  as  well  as  the  ladies,  appreciated  her  volunteering  to  fill 
this  need. 

We  look  forward  to  another  useful  year  of  service.  Until  then,  I extend  to  all 
readers  my  very  sincere  wishes  for  a happy  Holiday  Season  and  a prosperous 
New  Year. 


H.C.P. 


EDITORS  RATTLE  SPACE 


THE  PROLIFERATION  OF  “NONSTANDARD  DATA“ 

I had  occasion  to  take  part  in  several  informal  conversations  during  the  recent  47th  Shock  and  Vibration  Sympo- 
sium. The  conversations  revolved  about  an  increasingly  troublesome  problem:  the  validity  of  physical  data. 
The  problem  parallels  the  development  of  computer-implemented  data  storage  banks.  I am  not  saying  that  most 
of  the  data  are  no  good.  Rather,  there  has  been  inadequate  documentation.  Standard  test  procedures  are  non- 
existent. There  is  thus  no  way  to  describe  the  exact  conditions  under  which  data  have  been  taken  - nor  can  the 
limitations  and  applicability  of  the  data  be  stated.  Many  engineers  must  use  data  from  the  literature  to  charac- 
terize physical  phenomena.  They  are  understandably  apprehensive  about  applying  data  that  may  have  been 
haphazardly  gathered  and  then  deposited  in  a computer  data  bank.  The  use  of  such  data  in  the  design  process 
could  have  disastrous  consequences.  Unfortunately,  the  design  engineer  is  not  even  aware  of  the  potential  mis- 
applications that  could  occur. 

The  American  Society  of  Testing  Materials  (ASTM),  the  American  National  Standards  Institute  (ANSI),  and  the 
trade  associations  have  of  course  done  their  share  in  developing  standard  procedures  for  data  collecting  and 
recording.  It  is  a truism,  however,  that  the  data  takers  far  outnumber  the  standards  workers! 

The  question  of  nonstandard  data  arose  at  the  Symposium  when  it  was  noted  that  a standard  on  material  and 
component  damping  characterization  is  needed.  Researchers  and  practicing  engineers  alike  admit  that  most  of  the 
profusion  of  damping  data  now  appearing  has  limited  application  to  problems  other  than  those  for  which  the 
data  were  taken. 

My  view  is  that,  somehow,  more  engineers  should  be  persuaded  to  be  active  in  the  development  of  standards  - 
particularly  in  data  acquisition.  It  is  a fact  of  life  today  that  engineers  are  forced  to  seek  direct  solutions;  there 
can  thus  be  no  investment  of  manpower  in  secondary  effort  (payable  years  later).  It  appears  that  this  lack  of 
foresight  could  force  us,  in  the  near  future,  to  discount  much  of  the  available  published  data  for  other  than 
specified  problems.  Such  a situation  can  be  avoided  by  increasing  our  efforts  in  standards  activity.  Computer 
analysts  complain  to  me  that  no  damping  data  exists.  In  my  opinion,  they  should  take  the  time  to  define  what 
they  need;  then  the  experimentalists  could  collect  meaningful  data  in  an  organized  and  rational  manner. 

In  summary  I believe  that  every  engineer  has  an  obligation  to  be  aware  of  standards  activity:  the  designer  should 
define  the  data  he  needs;  the  analyst  should  outline  a form  for  the  data  that  meshes  with  his  analytical  tech- 
niques; and  the  experimentalist  should  standardize  data  taking  and  range  of  applicability. 

This  concludes  the  eighth  year  of  publication  of  The  Shock  tad  Vibratioe  Difeel.  The  editorial  staff  of  the 
DIGEST  wishes  to  make  this  journal  as  useful  to  you  as  possible.  Your  comments  on  means  for  improving  it 
are  solicited. 

R.L.E. 
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VIBRATION  CONDITION  MONITORING  TECHNIQUES 
FOR  ROTATING  MACHINERY 

Brian  Dawion* 


Abstract  ■ This  paper  reviews  vibration  monitoring  tachniquat 
distantly  avaitabla  for  rotating  madunary.  Applications 
of  tham  tachniquat  to  baarlngt  and  gears  an  described. 

Condition  monitoring  of  rotating  machinery  is 
increasingly  being  used  in  preventive  maintenance. 
Because  such  monitoring  is  based  on  the  condition 
of  the  machine  - commonly  referred  to  as  on-condi- 
tion or  condition-based  maintenance  - rather  than 
a pre-determ ined  maintenance  interval  . The  technique 
requires  reliable  determination  of  the  condition  of 
machinery  during  operation.  Various  parameters 
are  used;  for  example,  power  and  efficiency;  oil, 
coolant,  and  bearing  temperatures,  oil  pressure 
and  contamination;  and  vibration  and  noise  measure- 
ments. A discussion  of  the  complete  range  of  moni- 
toring techniques  is  beyond  the  scope  of  this  article. 
It  should  be  clearly  recognized,  however,  that  vibra- 
tion monitoring  techniques  comprise  only  part  of 
a condition  monitoring  program  and  that  detailed 
study  and  appraisal  of  all  possible  techniques  is 
necessary  before  a program  is  begun  (1  -5] . 

TYPES  OF  VIBRATION  MONITORING 
TECHNIQUES 

The  simplest  vibration  condition  monitoring  tech- 
nique is  the  measurement  of  the  overall  root  mean 
square  level  of  velocity  or  acceleration  at  selected 
points.  The  vibration  level,  called  a discriminant, 
is  an  indicator  of  the  condition  of  the  machine. 
Comparison  of  the  measured  level  with  values  on 
a standard  vibration  severity  chart  allow  assess- 
ment of  the  machine  [6-8] . These  general  tables 
<[o  not  provide  for  the  dynamic  response  of  specific 
machines,  but  they  are  useful  in  assessing  the  accep- 
tability of  machine  operation  and  indicating  impend- 
ing failure. 

Down  ham  and  Woods  [9]  developed  an  impedance 
testing  technique  that  can  be  used  with  vibration 
severity  tables.  This  technique  allows  a relatively 
reelistic  interpretation  of  changes  in  vibration  levels 
and  modification  of  operational  criteria  in  accordance 


with  the  dynamic  stiffness  of  the  machine  bearings. 

Another  technique  is  to  measure  shaft  displacement 
using  noncontacting  sensors  at  90°  angles  from  each 
other.  The  resulting  Lissajous  and  time  domain 
signals  give  an  indication  of  shaft  unbalance,  mis- 
alignment, and  subrotational  instability.  Signals  from 
noncontacting  transducers  mounted  with  respect 
to  the  bearing  housing  should  be  interpreted  care- 
fully (10] . 

The  above  techniques  are  useful,  but  they  provide 
only  a limited  amount  of  diagnostic  information. 
(Diagnosis  has  been  defined  as  the  art  or  act  of 
identifying  the  condition  of  a machine  from  its 
signs  or  symptons  [11] .)  The  intent  is  to  determine 
the  condition  of  the  machine  through  the  analysis 
of  its  vibration  without  the  necessity  for  visual  in- 
spection. 

One  approach  that  provides  some  diagnostic  infor- 
mation involves  measuring  vibration  levels  in  octave 
or  one-third  octave  bands  for  one  or  more  similar  ma- 
chines in  the  'as  new'  condition.  Departures  from 
these  baseline  data  can  be  used  as  criteria  for  assessing 
the  condition  of  operating  machinery.  This  tech- 
nique, based  on  full  octave  band  vibration  measure- 
ments, has  been  successfully  used  by  the  Canadian 
Navy  (12)  to  monitor  the  main  propulsion  and  prin- 
cipal auxiliary  equipment  installed  in  all  classes  of  the 
destroyer  fleet  and  the  submarine  and  maintenance 
support  vessel  equipment  associated  with  weapons 
and  operational  systems.  Techniques  that  can  be 
used  for  one-off  assessments  of  machine  condition 
are  called  condition  checking  techniques. 

If  baseline  data  and  failure  experience  are  not  avail- 
able, machinery  can  be  monitored  either  contin- 
uously or  at  known  intervals.  A decision  on  the  con- 
dition of  the  machine  is  based  on  the  trend  of  the 
discriminant;  that  is,  whether  or  not  the  vibration 
level  is  increasing.  The  rate  of  change  of  the  dis- 
criminant before  failure  must  be  slow  enough  to 
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allow  prediction  of  an  impending  failure  and  shut- 
down of  the  machine,  however.  Data  obtained  by 
the  Canadian  Navy  [13]  indicate  that  the  mean 
level  of  a signature  component  as  a function  of  time 
is  generally  a straight  line  having  a slight  positive 
slope  for  75%  of  a machine’s  useful  life;  after  this 
point  the  slope  rises  exponentially  to  the  point 
of  failure.  The  interval  from  the  beginning  of  the 
exponential  increase  to  failure,  called  the  lead  time, 
makes  trend  monitoring  a viable  maintenance  proce- 
dure. 

It  is  perhaps  worth  mentioning  that,  although  condi- 
tion monitoring  resulting  in  on-condition  mainten- 
ance is  the  prime  objective  of  condition  monitoring 
techniques,  it  has  been  argued  [4]  that  the  tech- 
niques encompass  much  more,  for  example,  condition 
monitoring  should  be  used  during  machinery  installa- 
tion. Condition  monitoring  techniques  should  also 
have  an  important  role  in  product  development 
(14)  and  quality  control. 

The  number  of  diagnostic  techniques  for  condition 
monitoring  is  large;  a useful  chart  of  possible  trans- 
ducers, processing  procedures,  and  discriminants 
has  been  published  [15] . Investigations  into  the 
use  of  vibration  signature  analysis  techniques  for 
diagnosis  of  power  trains  of  army  helicopters  resulted 
in  the  division  of  discriminant  selection  into  two 
types  : condition  monitoring  procedures  based  on 
pattern  recognition  techniques  and  those  dependent 
on  mechanical  techniques  [15] . Pattern  recognition 
techniques  utilize  statistical  differences  to  determine 
discriminants;  a disadvantage,  however,  is  the  large 
amount  of  data  required  before  the  techniques  can 
be  considered  valid.  These  data  are  not  always  pre- 
sently available,  but  it  is  hoped  that  increasing  in- 
terest in  condition  monitoring  will  stimulate  the 
establishment  of  data  banks  of  vibration  information 
for  good  and  bad  machines.  Pattern  recognition 
techniques  developed  for  gears  and  bearings  have 
been  briefly  described  [15] , and  a number  of  inves- 
tigators [16-201  have  been  working  on  the  develop- 
ment of  pattern  recognition  techniques  for  fault 
diagnosis. 

Mechanical  diagnostic  techniques  select  discriminants 
on  the  basis  of  dynamic  analysis,  which  provides 
information  concerning  such  characteristics  of  the 
system  as  component  natural  frequencies,  rotational 


whirl  frequencies,  forces,  deflections,  and  accelera- 
tions. Time  domain  signal  signatures  from  the  mea- 
surement transducer  must  be  transformed  into  the 
frequency  domain  before  frequency  components 
can  be  used  as  discriminants.  A simple  technique 
for  achieving  this  transformation  is  to  pass  the  vibra- 
tion time  domain  signal  through  a tunable  band- 
pass filter.  The  individual  frequencies  isolated  depend 
on  the  bandwidth  and  shape  of  the  filter  and  the 
particular  frequency  discriminants  obtained.  A 
manually  tunable  band-pass  filter  is  a useful  and 
inexpensive  approach  [21  ] . 

Often,  however,  a number  of  discriminants  within 
a small  frequency  range  must  be  monitored;  in  this 
case  an  analog  band-pass  filter  technique  is  time 
consuming.  Fortunately,  this  problem  has  been  over- 
come by  the  development  of  the  real  time  spectrum 
analyzer  (RTA);  frequency  spectra  can  be  obtained 
in  a few  milliseconds.  Digital  time  compression  of 
the  vibration  time  domain  signal  allows  very  rapid 
determination  of  spectra.  The  spectra  either  can  be 
permanently  recorded  on  an  X-Y  plotter  or  processes 
further  with  a digital  computer.  Ensemble  averaging 
of  the  spectra  allows  the  enhancement  of  signals 
buried  in  noise. 

APPLICATION  OF  CONDITION  MONITORING 
TO  ROTATING  MACHINERY 

Components  of  rotating  machinery  to  which  condi- 
tion monitoring  has  been  applied  include  rolling 
bearings  and  gear  trains. 

Bearings 

The  failure  of  ball  and  roller  bearings  - assuming 
proper  design  and  maintenance  --  usually  results  from 
subsurface  fatigue  caused  by  the  high  cyclic  contact 
load  between  the  balls  or  rollers  and  the  race.  Surface 
fatigue  spalls  or  any  other  surface  defect  disturb 
the  rolling  motion.  The  result  is  growth  of  the  defect 
area,  an  increase  in  friction,  and  ultimately  an  in- 
crease in  wear  rate.  The  defect  area  eventually  be- 
comes so  large  that  the  bearing  no  longer  functions 
properly,  and  serious  damage  occurs. 

Local  defects  in  the  inner  or  outer  race  of  a bearing 
are  hit  by  the  ball  each  time  it  passes  over  them. 
A surface  defect  on  the  ball  will  also  strike  the 
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inner  or  outer  race.  The  rate  at  which  these  impacts 
occur  depends  upon  bearing  speed  and  location  of  the 
defect.  Formulas  are  available  to  calculate  these 
rates  [22,  23] . In  addition,  vibrations  corresponding 
to  the  waviness  of  the  ball  and  races,  as  well  as  high 
frequency  resonant  frequencies  of  the  races,  can 
be  calculated  [24] . The  vibration  time  domain 
spectrum  of  a local  defect  of  the  ball  or  race  is  a 
repetitive  ringing  transient  response.  The  actual 
response  pattern  depends  upon  the  structural  transfer 
function  between  the  source  and  the  measurement 
point.  Diagnostic  techniques  based  on  this  type 
of  response  include  narrowband  low-frequency 
analysis  and  high-frequency  analysis. 

Narrow-band  low-frequency  analysis  depends  upon 
the  fact  that  the  race  pass  frequencies  and  their 
harmonics  become  prominent  as  a bearing  fault 
develops.  With  properly  functioning  bearings  the 
shaft  frequency  and  its  harmonics  dominate.  A 
successful  application  of  the  low  frequency  tech- 
nique has  been  reported  [23] , but  use  of  the  method 
is  limited  because  noise  discrimination  is  poor  in  the 
presence  of  other  mechanical  signals.  This  analysis 
is  therefore  suitable  only  for  detecting  faults  in  sim- 
ple rotating  assemblies  in  which  the  vibration  is 
caused  by  the  bearing  or  for  quality  control  purposes 
in  special  ball  bearing  test  rigs  [25] . 

High-frequency  analysis  of  the  ring  frequencies  asso- 
ciated with  bearing  housing  response  to  local  faults 
appears  to  be  much  more  sensitive  to  the  bearing 
fault  condition  and  is  not  sensitive  to  background 
noise.  A ringing  frequency  of  a bearing  housing  in- 
dicates a bearing  fault.  Several  investigators  have 
developed  successful  diagnostic  techniques  based 
on  ringing  frequency  [26  ■ 31],  An  instrument 
called  a shock  pulse  meter  monitors  bearings  on  the 
basis  of  the  ringing  principle.  The  ring  frequency  is 
the  natural  frequency  of  the  measurement  transducer 
(-  38  KHz).  The  shock  pulses  produced  by  a defect 
are  detea ed  by  the  accelerometer.  The  bearing 
condition  is  assessed  by  measuring  the  rate  of  shock 
emissions  relative  to  the  amplitude  of  the  pulse. 
The  deteaion  of  defeas  by  measurement  of  acoustic 
emissions  produced  by  growing  cracks  is  a developing 
science,  and  it  is  already  being  applied  to  bearings 
[26.  32) . 


Monitoring  techniques  for  detecting  bearing  faults 
have  been  directed  at  local  defects.  Faults  described 
as  distributed  effects--e.g.,  misalignment,  lack  of 
roundness,  unequal  ball  diameters-must,  also  be 
detected,  however,  especially  in  quality  control 
situations.  Vibration  monitoring  has  been  used  to 
predia  defects  in  gyros  for  spacecraft  [27] ; vibration 
signatures  were  predicted  from  mathematical  models. 
The  'initial'  bearing  defects  were  modeled  as  distur- 
bances of  the  force  pattern  so  that  the  dynamic 
radial  deflection  at  the  stationary  bearing  ring  could 
be  determined.  The  solution  involved  several  series 
of  modulated  tones;  freouencies  and  modulation  pat- 
terns depend  on  the  initial  defect  Seven  out  of 
eight  known  distributed  defeas  were  deteaed  and 
identified  correctly. 

Gears 

The  dynamic  charaaeristics  and  failure  modes  of 
gears  are  so  radically  different  to  bearings  that  a 
new  set  of  mechanically  related  diagnostic  techniques 
have  been  developed.  A pair  of  mating  gears  running 
at  constant  speed  and  load  generate  a periodic  vibra- 
tion signal  at  the  meshing  frequency.  Assuming  per- 
fea  gears,  the  meshing  vibration  signal  responses 
would  not  change  during  a complete  rotation  of  the 
gear.  In  praaice,  the  mesh  time  domain  vibration 
response  depends  on  a number  of  factors:  gear  pro- 
file; load;  speed;  stiffnesses  of  gear,  gear  tooth, 
shaft,  and  bearing;  and  eccentricity.  The  condition 
of  gears  depends  upon  the  way  in  which  these  para- 
meters affect  the  overall  mesh  vibration  response 
characteristic.  The  nature  of  the  excitation  sources 
at  tooth  contact  and  the  identification  of  tooth  con- 
taa  frequency  components  and  their  sidebands  for 
spur  and  helical  gearing  have  been  presented  [34], 

Gear  defeas  used  in  condition  monitoring  have  been 
classified  as  local  and  distributed  defects  [27J. 
Local  defects  are  defined  as  defects  that  occur 
on  one  or  more  teeth  but  are  not  uniformly  distri- 
buted among  the  teeth.  Examples  are  cracked,  de- 
formed, or  scored  teeth.  A local  defect  manifests 
itself  only  when  the  damaged  tooth  is  in  mesh. 
Deteaion  is  thus  relatively  simple:  inspea  the  time 
domain  signal  of  a complete  revolution  of  the  gear; 
if  extraneous  noise  is  reduced  by  signal  averaging 
during  one  revolution  of  the  relevant  gear  wheel, 
the  mesh  of  a damaged  tooth  can  easily  be  detected. 
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A distributed  defect  causes  a response  that  occurs 
throughout  the  complete  meshing  cycle.  A common 
example  is  nonuniform  load  distribution  on  the  teeth 
due  to  eccentricity  of  a gear  shaft.  Loading  varies 
during  one  revolution  of  the  gears;  the  resulting  mesh 
time  domain  signal  appears  as  a carrier  frequency  at 
the  mesh  rate,  and  amplitude  modulation  occurs  at 
the  rotational  frequency.  Periodic  variations  in  pitch 
error  and  torque  fluctuations  can  also  cause  both 
amplitude  and  frequency  modulation  of  the  mesh 
frequency  [34. 35] . 

A gear  condition  monitor  based  on  a time  domain 
signal  summation  (signal  averaging)  technique  has 
been  described  [27] . Local  defects  were  determined 
by  a crest  factor  analysis.  (In  normal  gear  tone,  with 
all  tooth  meshes  equal  in  shape  and  amplitude,  there 
is  a specific  ratio  of  peak  to  amplitude,  tooth  mesh 
response  changes  are  reflected  by  a change  in  the 
ratio.)  Distributed  defects  were  indicated  by  the 
percentage  modulation  of  the  gear  tone.  The  applica- 
tion of  the  monitor  to  a complex  gear  assembly  has 
been  described,  and  fault  conditions  were  success- 
fully detected  and  interpreted  [27] . 

Investigators  have  demonstrated  that  distributed 
defects  in  gear  boxes  give  rise  to  modulation  of  the 
tooth  meshing  vibration  and  that  the  modulation 
can  be  detected  in  the  frequency  spectrum  [36.  37] . 
The  detection  of  sidebands  caused  by  frequency 
modulation  can  be  aided  by  the  application  of  the 
spectrum  technique,  which  has  been  successfully 
applied  to  gear  vibration  [38] . 

Steward  has  summarized  gear  diagnostic  techniques 
[47] . He  interprets  gear  condition  by  analyzing  a 
narrow-band  power  spectrum,  a time  domain  signal 
summation  based  on  an  average  period  of  one  revolu- 
tion of  the  gear  under  study,  and  wear  trend  based 
on  a logarithmic  difference  plot  between  relevant 
components  of  the  measured  spectrum  and  a base- 
line spectrum  of  the  new  assembly.  Secondary  trans- 
formation of  the  time  domain  signal  average  results 
in  a dynamic  error  signature  (which  essentially 
indicates  abrupt  changes  in  the  character  of  the  time 
domain  signal)  An  instantaneous  frequency  plot  is 
also  useful  in  identifying  fault  conditions. 

Narrow-band  spectrum-analysis  of  a vibration  time 
domain  signal  can  be  used  to  indicate  faults  due  to 


unbalance,  oil  whirl,  misalignment,  mechanical 
looseness,  seal  rubbing,  belt  slip,  and  structural 
resonance.  Useful  diagnostic  charts  are  available 
[21,39]. 

It  has  been  said  that  condition-based  maintenance 
is  likely  to  become  the  accepted  description  of  a 
rational  new  approach  to  preventive  maintenance 

[40]  . Condition  monitoring  techniques  must  be 
related  to  maintenance  planning  and  hence  to  the 
uncertainty  associated  with  the  maintenance  pro- 
gram. The  basic  problems  involved  in  handling  condi- 
tion monitoring  systems  include  deciding  whether  or 
not  to  test  and  establishing  analytical  techniques  for 
dealing  with  uncertainty.  There  is  also  uncertainty 
in  interpreting  test  results,  particularly  with  regard 
to  the  analysis  of  noise  and  vibration  measurements 

[41] . 

CONCLUSION 

A number  of  vibration  analysis  techniques  are  now 
available  for  detecting  and  identifying  defects  in 
rotating  machinery.  Most  of  the  work  to  date  has 
concentrated  on  developing  mechanical  diagnostic 
techniques.  For  large  organizations  with  the  capa- 
bility for  building  data  banks,  pattern  recognition 
techniques  may  be  of  value  in  the  future. 
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LITERATURE  REVIEW 


survey  and  analysis 
of  the  Shock  and 
Vibration  literature 


The  monthly  Literature  Review,  a subjective  critque  and  summary  of  the  literature, 
consists  of  two  to  four  review  articles  each  month,  3,000  to  4,000  words  in  length. 
The  purpose  of  this  section  is  to  present  a "digest"  of  literature  over  a period  of 
three  years.  Planned  by  the  Technical  Editor,  this  section  provides  the  DIGEST 
reader  with  up-to-date  insights  into  current  technology  in  more  than  150  topic 
areas.  Review  articles  include  technical  information  from  articles,  reports,  and 
unpublished  proceedings.  Each  article  also  contains  a minor  tutorial  of  the  technical 
area  under  discussion,  a survey  and  evaluation  of  the  new  literature,  and  recom- 
mendations. Review  articles  are  written  by  experts  in  the  shock  and  vibration  field. 

In  this  issue  of  the  DIGEST  Alan  Hannibal's  article  on  Modeling  of  Vibrating 
Systems  is  continued.  He  gives  an  overview  of  approximate  methods,  mechanical 
impedance  and  mobility,  transfer  matrix  method,  finite  element  methods  and  bond 
graphs. 

In  the  second  review  article.  Professor  Robert  Plunkett  of  the  University  of  Min- 
nesota briefly  describes  recent  developments  in  instrumentation  used  to  measure 
shock  and  vibration. 
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MODELING  OF  VIBRATING  SYSTEMS  - AN  OVERVIEW 

Part  II.  Approximate  Methods,  Mechanical  Impedance  and  Mobility,  Transfer-Matrix  Method, 
Finite  Element  Methods,  and  Bond  Graphs 


A.  J.  Hannibal* 


A number  of  prominent  modeling  methods  ere  pretented  in 
capsule  form.  The  “type"  of  modeling  technique  it  emphe- 
tized  rather  than  detail t of  the  method.  The  references  have 
been  divided  into  lections  relating  to  the  modeling  methods. 


the  continuous  system  yields  the  energy  expressions, 
given  by  equations  (19)  and  (20).  These  expressions 
are  typical  of  a discrete  n-dimensional  system. 


APPROXIMATE  METHODS 

Approximate  methods  are  used  to  model  distributed 
systems  within  a finite  number  of  degrees  of  freedom. 
Approximate  methods  are  used  for  at  least  one  of 
three  reasons. 

• For  cases  of  nonuniformity  in  which  the 
governing  equations  are  difficult,  perhaps 
impossible,  to  solve  in  closed  form 

• For  reducing  a distributed  system  to  standard 
matrix  form  (see  equation  (21)),  thereby 
making  the  equations  compatible  with  discrete 
elements  in  the  system 

• For  analyses  over  a limited  frequency  range 


2 mjjqjqj 


(19) 


(20) 


In  these  equations  mjj  depends  on  the  mass  distribu- 
tion and  the  admissible  functions  0j(x).  The  mass 
matrix  [rrijj J , when  derived  in  this  fashion,  is  referred 
to  as  the  consistent  mass  matrix  [16];  kjj  is  depen- 
dent on  the  stiffness  distribution  and  the  admissible 
functions. 


The  approximate  methods  in  common  use  include  the 
assumed-modes  method,  lumped-parameter  method, 
and  the  influence  coefficient  method.  The  assumed- 
modes  method  is  the  most  flexible  because  it  is  an 
energy  method,  and  generalized  distributed  coordi- 
nates can  be  used.  The  others  usually  involve  geo- 
metric coordinates. 

In  the  assumed-modes  method,  the  response  of  the 
distributed  system  is  assumed  to  be  of  the  form 

n 

y(?,  t)  = 2 0j(?)  qj(t)  (18) 

where  qj(t)  are  time-dependent  generalized  coordi- 
nates and  $j(x}  are  admissible  functions  in  terms  of 
the  spatial  coordinates,  x.  That  is,  the  functions 
satisfy  all  the  geometric  boundary  conditions  and  all 
the  criteria  for  differentiation.  In  cases  of  nonuni- 
formity, either  the  eigenfunctions  of  the  uniform 
case  or  a polynomial  are  used  as  admissible  functions. 

Substitution  of  equation  (18)  into  the  integral 
formulation  of  the  kinetic  and  potential  energies  of 

* Advanced  Systems  Dept.,  Lord  Kinematics,  Erie, 
PA  16612 


The  equations  of  motion  can  be  derived  directly  from 
equation  (11)  and  are  of  the  matrix  form 

[mij]q'+ [kjjjq'”?  (21) 

In  addition  to  the  assumed-modes  method  are  Galer- 
kin's  method  and  the  Collocation  method.  Both 
derivations  are  based  on  an  error  function  associated 
with  the  equilibrium  equation.  All  of  these  methods 
have  been  discussed  [17] . 

MECHANICAL  IMPEDANCE  AND  MOBILITY 

Impedance  and  mobility  methods  have  not  received 
the  attention  they  deserve.  The  emphasis  on  noise 
pollution  has  stimulated  renewed  interest,  however, 
because  complex  structures  can  radiate  acoustic 
energy  over  a range  from  several  hundred  to  several 
thousand  Hertz.  Impedance  methods  are  used  to 
reduce  such  systems  to  a manageable  level. 

Consider  that  the  linear,  nonrigid  structure  in  Figure 
3 is  acted  upon  by  n sinusoidal  forces,  either  excita- 
tion or  reaction,  having  the  same  frequency.  The 


11 


In  the  matrix  characterization  of  mechanical  struc- 
tures, mobility  is  more  suitable  than  impedance.  The 
reason  is  that  mobility  does  not  require  "blocked" 
points  and.  therefore,  can  be  expanded  or  contracted 
without  disturbing  previous  measurements  or  calcula- 
tions. A detailed  discussion  has  been  published  [181 . 

Closely  related  to  mobility  and  impedance  are  the 
four -pole  parameters,  which  can  be  used  to  analyze 
mechanical  systems  having  a single  input  terminal  and 
a single  output  terminal  (see  fig.  4). 


In  equation  form.  Figure  4 can  be  characterized  by 


so  that  only  two  of  the  four-pole  parameters  is 
needed  to  specify  the  system.  Snowdon  [191  presents 
a systematic  approach  to  four-pole  parameters; 
Sakata  [201  applies  the  parameters  to  vibration 
isolation  of  the  engine/transmission  from  the  body  of 
a vehicle  in  order  to  reduce  noise  in  the  passenger 
compartment. 

In  the  treatment  of  vibration  isolation  between 
nonrigid  machines  and  nonrigid  foundations  as  de- 
picted on  Figure  5,  Soliman  and  Hallam  [21]  neatly 
blend  mobility  representations  of  the  machine  and 
foundation  with  four-pole  characterizations  of  the 
isolators. 

Even  though  mechanical  impedance  and  mobility 
measurements  can  theoretically  be  utilized  to  charac- 
terize complex  structures  using  a number  of  discrete 
nodes,  they  are  not  problem  free.  Extreme  care  in  the 
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adminstration  of  proper  experimental  technique  is 
required  to  avoid  errors  [22] . 
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The  transfer-matrix  method  is  ideally  suited  to  chain- 
like model  systems.  Systems  such  as  beams,  diesel-  or 
turbine-generator  shafts,  crankshafts,  straight  and 
branched  rotor  systems,  composites  and  multi-layered 
media  such  as  soils  [36,  37]  fall  into  this  category. 

The  foundation  for  the  transfer -matrix  method, 
referred  to  as  the  Myklestad-Prohl  Method,  was 
developed  in  the  mid-  1940s  by  N.O.  Myklestad  [38] 
to  analyze  airplane  wings  and  other  types  of  beams 
and  by  M.A.  Prohl  [39]  to  analyze  flexible  rotors. 
Both  men  directed  their  work  toward  the  calculation 
of  undamped  natural  frequencies  of  planar  systems. 
Lund  [40]  extended  their  work  in  analyzing  the 
orbital  response  of  unbalanced  flexible  rotors  in 
fluid  film  bearings.  He  further  extended  the  method 
[41]  to  determine  stability  and  damped  critical 
speeds  of  a flexible  rotor  in  fluid-film  (plain  cylindri- 
cal and  tilting-pad  journal)  bearings. 


(28) 


or 


Z, 


PiZi 


Equilize  forces  and  moments  as  shown  in  Figure  6d 
and  apply  elementary  strength  of  materials  principles 
to  derive  the  field  matrix  for  the  massless  beam 
element,  equation  (29). 
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The  transfer-matrix  method  is  a linear,  lumped- 
parameter  analysis  in  which  a distributed  system  is 
divided  into  concentrated  mass  points,  or  stations, 
connected  by  massless  elastic  segments.  Transfer, 
or  point,  matrices  that  equalize  forces  and  moments 
are  derived  from  one  side  of  a station  to  the  other; 
and  matrices  from  station  to  station  are  called  field 
matrices.  The  entire  system  from  end  to  end  is  then 
accumulated  into  a single  matrix  by  successive 
multiplications.  The  system  is  completely  determined 
by  applying  only  end  conditions.  The  transfer -matrix 
method  can  be  elucidated  via  a simple  planar  example 
for  which  the  first  few  natural  frequencies  are  to  be 
determined.  Figure  6a  shows  a homogeneous  canti- 
lever beam  with  a variable  cross-sectional  area.  The 
dashed  lines  imply  an  idealization.  The  numbers 

1 , 2 n in  Figure  6b  define  the  stations  at  which  the 

mass  is  concentrated.  By  equalizing  the  shear  forces 
(S)  and  moments  (M)  acting  on  the  mass  element,  as 
shown  in  Figure  6c,  the  point  matrix  shown  in 
equation  (28)  is  derived. 


Apply  equations  (28)  and  (29)  consecutively  from 
the  fixed  end  to  the  free  end 

L R L 

Z\  - F|Z0;  Z,  = PiZi; 

L R L R L 

Zs-FjZ,  ...Zn«FnZn.,;Zn«PnZn  (30) 


Successive  multiplication  yields 

zn  “ pnFnpn- 1 Fn- 1 • ' ' * p*  F»  p'  F ' z« 
Apply  the  end  conditions 


Vo  “0 

0O  • 0 


Fixed  end  and 


Mn«0l 


sn  = ° 


(31) 


Free  end  (32) 


to  calculate  the  undamped  natural  frequencies  from 
the  determinant 

UJS  u>4 

-0  (33) 

U4S  u«« 
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a)  Planar  Model  of  a Homogeneous 
Cantilever  Beam  of  Varying 
Cross-Section. 


c)  Free- Body  Diagram  of 
a Mass  Element,  m;. 


b)  Idealization  of  a Cantilever 
Beam 


d)  Free-Body  Diagram  of 
Massless,  Elastic  Beam 


Figure  6.  Example  of  Trenifer-Matrix  Method 
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Although  this  formulation  is  compact,  each  term  can 
be  a high  order  polynomial  of  w,  requiring  a numeri- 
cal treatment  for  solution. 

Included  in  the  book  by  Pestel  and  Leckie  (42)  is  a 
catalog  of  transfer  matrices  and,  methods  by  which 
they  can  be  derived. 

FINITE  ELEMENT  METHOD 

Finite  element  methods  will  be  addressed  in  detail  in 
future  articles.  General  purpose  computer  programs 
based  on  finite  element  methods  have  revolutionized 
vibration  analysis  in  general.  Finite  element  programs 
can  be  routinely  used  to  model  rather  complex  vibra- 
tory systems;  knowledge  of  how  the  elements  are 
derived  or  assembled  is  not  necessary.  Experience  is 
valuable,  however,  in  element  selection,  grid  construc- 
tion, mesh  density,  boundary  conditions,  etc....  Finite 
element  methods  have  allowed  the  reduction  of 
complex  structures  to  analyzable  form;  particularly 
useful  are  the  component  mode  synthesis  (4346) 
and  Guyan  Reduction  or  "master"  degrees  of  free- 
dom (47,  48) 

BOND  GRAPHS 

The  bond  graph  approach  was  originally  reported 
(541  some  25  years  ago  by  Professor  Henry  M. 
Paynter  from  MIT,  but  only  in  the  past  ten  years  has 
it  gained  notable  acceptance.  This  is  due  in  great 
measure  to  its  active  promotion  [55, 56) . 

The  bond  graph  technique  utilizes  a graphical  format 
to  reduce  various  dynamic  systems  --  such  as,  electri- 
cal, mechanical,  rotational,  hydraulic,  and  thermo- 
dynamic - to  a common  language.  For  this  reason,  it 
is  particularly  well  suited  to  the  study  of  systems 
with  multiple  energy  components. 

A few  basic  definitions  will  be  applied  to  a single 
degree -of-freedom  damped  oscillator  (Fig.  9a). 
Because  bond  graphs  are  basically  an  energy-power 
concept,  the  fundamental  variables  are  referred  to  as 
effort  (e)  and  flow  (f)  - the  product  of  which  yields 
power.  In  mechanical  systems,  effort  and  flow  are 
more  commonly  referred  to  as  force  and  velocity;  in 
electrical  systems,  voltage  and  current;  and  in  hy- 
draulic systems,  pressure  and  volume  flow  rate. 


Because  the  three  basic  components  of  the  oscillator 
(spring,  mass,  and  damper)  require  only  one  pair  of 
effort-flow  variables  to  characterize  the  power  flow 
"into"  and  "away  from"  them,  they  are  referred  to 
as  1-port  elements  (although  the  damper,  or  its 
equivalent  a resistor,  permits  power  to  flow  only 
into).  The  joining  of  two  ports  implies  common 
effort  and  flow  and,  therefore,  power,  such  a union 
is  referred  to  as  a power  bond.  In  3-port  junctions 
either  effort  and  flow  are  common,  and  the  sum  of 
the  other  variable  is  equal  to  zero.  The  O-junction  or 
common  effort  junction  is  written 


e,  e, 


It  is  defined  by  the  following  constitutive  relations 
(using  the  inward-directed  power  sign  convention) 

ei  (t)  * e2  (t)  = e3  (t) 

f,  (t)  - fa  (t)+f3  (t)  - 0 (34> 

With  the  1 -junction  or  common  flow  junction  the 
roles  of  effort  and  flow  are  interchanged. 

e,  e3 

f.  a fj 

ejf3 

The  common  flow  junction  is  defined  by  the  follow- 
ing constitutive  relations,  again  using  the  inward- 
directed  power  sign  convention 

fi  (t)  - f,  (t)  = f3  (t) 

e1  (t)  + e,  (t)  + e3  (t)-0  (35) 

Points  A and  C (fig.  7a)  are  junctions  of  common 
velocity  (flow)  and  are  represented  by  1 -junctions; 
however,  as  vref  s 0,  point  A will  be  ignored.  The 
1 -junction  associated  with  point  C is  shown  on 
Figure  7b,  including  bonds  with  the  spring  (Cj), 
the  mass  (I),  the  excitation  Sg  (effort  source),  and  the 
unbonded  port  (Ft , vc).  The  half  arrows  on  the  port 
lines  indicate  the  direction  of  power  flow  when  both 
effort  and  flow  are  positive.  Point  B is  a junction  of 
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common  effort  (force)  and  is  modeled  as  a O-junction 
(Fig  7c).  The  bond  graph  of  Figure  7a  is  completed 
by  joining  the  common  port  (F| , vc),  as  illustrated 
in  Figure  7d.  A computer  program  designed  to  inter- 
pret the  graphic  language  of  bond  graphs  is  ENPORT 
(57) ; the  equations  of  motion  are  formulated  and 
solved.  Karnopp  and  Rosenberg  (56)  define  reliable 
"construction  methods"  for  bond  graphs  so  that  the 
inspection  method  need  not  be  used,  as  it  was  in  the 
example. 
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SHOCK  AND  VIBRATION  INSTRUMENTATION 


Robert  Plunkett* 


Abstract  - This  srticlt  briefly  describes  recent  developments 
in  instrumentation  used  to  measure  shock  and  vibration. 

Instrumentation  for  measuring  shock  and  vibration 
is  a difficult  subject  to  review.  To  begin  with,  there 
is  little  published  literature  in  the  conventional 
sense.  The  information  that  has  been  published  is 
usually  tutorial,  written  to  stimulate  sales,  or  part 
of  some  study.  This  article  describes  some  of  the 
developments  that  the  author  thinks  will  affect  future 
shock  and  vibration  instrumentation.  No  attempt 
is  made  to  cite  individual  articles  that  are  not  related 
to  the  trends  chosen.  For  the  most  part,  instruments 
and  systems  used  to  measure  shock  and  vibration 
are  discussed;  in  addition,  an  important  advance  in 
ultrasonic  nondestructive  testing  is  mentioned. 


SIGNAL  PROCESSING  AND  SYSTEM 
IDENTIFICATION 

The  most  significant  development  in  instrumentation 
during  the  past  five  years  has  involved  hard  wired, 
digital  microcomputers.  The  combination  of  micro- 
computers and  wide  range  (80  dB)  logarithmic  ampli- 
fiers and  efficient  analog  to  digital  (A  to  D)  conver- 
ters is  on  the  verge  of  driving  analog  filters  and  data 
storage  systems  off  the  market.  Even  though  most 
publications  pertaining  to  these  computers  have  a 
sales  emphasis  and  appear  in  trade  journals,  they  are 
well  written  and  contain  the  technical  information 
necessary  for  understanding  the  principles  and 
limitations  involved.  Wilson  [1]  discusses  digital 
storage  for  oscilloscopic  display  of  transient  signals; 
Ramsay  [2]  shows  how  this  data  storage  furnished 
input  for  further  computer  processing.  Usher  [3J 
describes  the  general  problem  of  signal  conditioning 
for  digital  use.  The  most  important  digital  develop- 
ment for  the  vibration  engineer  has  been  the  Fast 
Fourier  Transform  (FFT).  Lang  (41  discusses  its 
role  in  impact  analysis;  Potter  [5J  shows  how  FFT 
can  be  used  for  structural  analysis.  These  five  arti- 
cles-written  by  engineers  working  for  equipment 
manufacturers -do  not  adequately  discuss  limitations. 


Some  limitations  are  inherent  to  the  measuring  tech- 
nique [6-8];  others  have  to  do  with  the  instrument 
itself  (9,  101 . Digital  methods  can  also  be  used  to 
control  vibration  testing  [11,  12] . 

Roberts  and  Charlton  [131  and  Lowry  [14]  show 
how  commerically  available  equipment  can  be  used  to 
obtain  analog  rather  than  digital  :orrelations.  The 
interpretation  [15]  and  storage  [161  of  analog  data 
are  still  of  interest.  Modal  excitation  of  real  damped 
structures  requires  careful  attention  to  amplitude 
ratios  and  phasing  of  multiple  shakers.  The  problem 
of  shakers  has  been  discussed  many  times  since 
Fraejis  de  Veubeke's  original  paper  in  1946  and  is 
still  of  concern  [17] . There  is  also  interest  in  environ- 
mental vibration  testing  [18,19]. 

The  determination  of  system  parameters  from  mea- 
sured information  [20,  21]  furnishes  the  input 
necessary  for  digital  analysis  of  dynamic  response. 
Such  analysis  is  particularly  important  in  helicopter 
dynamics;  the  U.S.  Army  Laboratories  have  spon- 
sored a substantial  study  oroject  the  results  of  which 
have  been  summarized  [22] . 


INSTRUMENTATION 

A survey  of  currently  available  accelerometers  and 
vibration  exciters  has  recently  been  issued  [23] . 
The  Australian  National  Standards  Laboratory  has 
made  a study  of  calibration  techniques  [24-26] . 
Kenner  [27]  shows  that  impact  force  is  accurately 
measured  by  a crystal  transduce*  even  if  the  load  is 
not  uniformly  distributed.  New  methods  that  have 
been  proposed  for  measuring  impact  [28],  flexjre 
[29J,  angular  velocity  [30],  and  acceleration  [21] 
may  prove  useful  for  specialized  applications.  A 
complicated  optical  method  [32]  does  not  load 
light  structures.  A guide  to  the  selection  of  vibration 
test  equipment  is  available  [33] . Inertial  excitation 
[34]  is  useful  for  finding  the  dynamic  response  of 
buildings,  nuclear  reactors,  and  other  large  neaw 
structures. 
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Optical  holography  is  widely  used  in  machinery 
diagnosis  [35-37]  and  is  measuring  mode  shapes  of 
plates  [3841],  cylinders  [42],  cylindrical  shells 
[43,  44J , and  rotating  propellor  blades  [45] . Op- 
tical holography  can  also  be  used  to  measure  shock 
waves  in  rotating  machinery  [46,  47] . Another 
optical  method  uses  moir£  fringes  [48-51  ] . Dynamic 
photoelasticity  is  particularly  useful  for  wave  propa- 
gation studies  [51-54] . 


MATERIAL  PROPERTIES 

Instrumentation  for  determining  the  dynamic  proper- 
ties of  materials  is  a difficult  problem.  The  torsion 
pendulum  is  the  traditional  system  [55-57]  and  is 
still  useful  for  low  frequencies.  Intermediate  frequen- 
cy measurements  (1  to  1000  Hz)  can  be  made  di- 
rectly [58,  59] , in  flexure  (60,  61] , or  on  a shaker 
[20] . Pulse  techniques  can  be  used  at  higher  frequen- 
cies [62,  63] . The  split  Hopkinson  bar  is  a useful 
technique  for  measuring  the  dynamic  stress  strain 
curve  at  strain  rates  from  10*  to  104  per  second 
[64-66] . 

Acoustic  holography  is  a recent  technique  developed 
for  ultrasonic  nondestructive  testing.  A textbook 
has  been  published  [67]  as  well  as  a bibliography 
of  federally  funded  research  [681 . Acoustic  holo- 
graphy is  particularly  useful  for  checking  lack  of 
bund  [69]  and  flaws  in  welds  and  thick-walled 
pressure  vessels  [70] . 


DIAGNOSTICS 

Vibration  monitoring  has  long  been  used  to  detect 
unbalance  or  bearing  wear.  About  ten  years  ago, 
the  analog  spectrum  analyzer  made  spectral  monitor- 
ing useful  as  Mechanical  Signature  Analysis  [71 , 72] . 
It  is  still  being  studied  [73-77];  digital  correlation 
techniques  should  make  it  even  more  sensitive  for 
detecting  wear  and  mechanical  deterioration.  More 
papers  on  systems  used  in  specific  industries  would 
be  useful  [80] . Methods  for  finding  mode  shapes  and 
frequencies  (81,  82]  and  dynamic  response  of  nu- 
clear power  plants  [83.  84]  are  in  widespread  use 
New  plants  are  being  equipped  with  instruments 
to  determine  the  effects  of  earthquakes  (85,  86] . 
Shock  and  vibration  engineers,  along  with  everyone 


else,  must  pay  increasing  attention  to  cost-effective- 
ness, I have  found  only  one  report  of  a study  of  cost- 
optimization  of  vibration  instrumentation  [87]. 


CODA 

Many  of  the  topics  mentioned  above  should  be 
reviewed;  certainly  dynamic  photoelasticity,  moirS 
techniques,  digital  spectral  analysis,  acoustic  holo- 
graphy, and  dynamic  properties  of  material  should 
be  reviewed.  Current  practice  in  determining  dynamic 
system  parameters  from  measured  information  should 
also  be  reviewed.  Transducers  used  in  vibration  and 
shock  instrumentation  are  based  on  the  same  prin- 
ciples as  those  used  ten  years  ago.  The  problems 
remain  about  the  same.  Although  design  and  mater- 
ial improvements  have  been  made,  the  major  advance 
has  been  in  electronics,  high  gain  operational  ampli- 
fiers, integrated  circuits,  wide  range  logarithmic 
amplifiers,  and  hard  wired  FFD  digital  minicompu- 
ters. The  end  of  the  digital  computer  revolution 
is  not  yet  in  sight;  small,  inexpensive  computers  will 
certainly  continue  to  influence  vibration  measure- 
ment techniques. 
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optimization  of  vibration  instrumentation  [87], 


CODA 

Many  of  the  topics  mentioned  above  should  be 
reviewed;  certainly  dynamic  photoelasticity,  moirG 
techniques,  digital  spectral  analysis,  acoustic  holo- 
graphy, and  dynamic  properties  of  material  should 
be  reviewed.  Current  practice  in  determining  dynamic 
system  parameters  from  measured  information  should 
also  be  reviewed.  Transducers  used  in  vibration  and 
shock  instrumentation  are  based  on  the  same  prin- 
ciples as  those  used  ten  years  ago.  The  problems 
remain  about  the  same.  Although  design  and  mater- 
ial improvements  have  been  made,  the  major  advance 
has  been  in  electronics,  high  gain  operational  ampli- 
fiers, integrated  circuits,  wide  range  logarithmic 
amplifiers,  and  hard  wired  FFD  digital  minicompu- 
ters. The  end  of  the  digital  computer  revolution 
is  not  yet  in  sight;  small,  inexpensive  computers  will 
certainly  continue  to  influence  vibration  measure- 
ment techniques. 
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BOOK  REVIEWS 

VIBRATION  AND  NOISE  IN  MOTOR  VEHICLES 

Published  by  the  Institution  of  Mechanical  Engineers,  1972 


This  volume  contains  the  17  (tapers  and  discussions  of 
a 1971  symposium  arranged  by  the  Automobile 
Division  of  the  Institution  of  Mechanical  Engineers 
(IME)  and  the  Advanced  School  of  Automotive 
Studies. 

The  book  reflects  the  usual  high  standards  of  the 
IME.  The  contents  should  be  of  interest  to  research- 
ers, engineering  practitioners,  and  students  particular- 
ly motor  vehicle  vibration  analysts  and  acousticians. 
Most  of  the  papers  were  presented  by  either  academi- 
cians (or  researchers)  and  industrial  practitioners.  The 
papers  comprise  research  findings  and  tutorial  exposi- 
tions. The  latter  include  descriptions  of  analytical  and 
laboratory  methods  either  in  use  or  under  develop- 
ment. The  contents  cover  noise  and  vibration  isola- 
tion, vibratory  response  of  mechanical  components 
used  in  motor  vehicles,  and  the  analysis  and  design 
of  motor  vehicle  systems  so  as  to  reduce  levels  of 
vibratory  response. 

With  respect  to  noise  and  vibration  isolation,  Davies 
and  Alfredson  demonstrate  that  a linear  acoustic 
model  adequately  describes  exhaust  systems  and  can 
be  used  to  design  silencers  (i.e.,  mufflers)  for  internal 
combustion  engines.  Bolton-Knight  showed,  by 
analysis  and  experiment,  that  engine  mounting  loca- 
tions and  configurations  can  be  so  selected  as  to 
reduce  the  noise  and  vibration  levels  in  the  passenger 
compartment  of  motor  vehicles.  Puydak  and  his 
associates  reviewed  the  basic  principles  involved  in 
selecting  and  using  elastomers  for  dynamic  mounting 
systems;  they  applied  these  principles  to  the  engine 
mount  selection  problem.  Waters  discussed  the 
sources  and  characteristics  of  commercial  vehicle 
noise  and  concluded  that  noise  shields  reduce  envi- 
ronmental engine  noise.  Jennequin  was  concerned 
with  noise  within  the  passenger  compartment;  he  con- 
cluded that  it  is  feasible  to  compute  the  modal 
response  of  the  enclosed  air  volume  in  order  to  iden- 
tify the  interior  panels  responsible  for  inducing  the 
noise.  Fontanet  outlined  methods  thet  have  been 
used  to  reduce  noise  generated  by  second-order 
reciproceting  forces  of  e four-cylinder,  in-line  engine. 


One  vibratory  response  of  motor  vehicle  compo- 
nents - the  mechanism  of  "brake  squeal"  --  was 
addressed  by  Spurr,  who  argued  that  squeal  arises 
from  the  coupling  of  vibrations  within  the  brake 
assembly.  Earles  and  Soar  pointed  out  that  a gener- 
ally acceptable  solution  for  solving  the  problem  of 
squeal  has  not  yet  been  found.  Crankshaft  vibrations 
are  under  considerably  better  control,  however,  as 
was  shown  by  Hodgetts  with  regard  to  an  internal 
combustion  engine.  Sykes  and  Wyman  described  the 
use  of  receptance  methods  for  calculating  the  vibra- 
tory responses  of  typical  drivelines.  The  control  of 
noise  generated  by  gears  in  automotive  transmissions 
was  reviewed  by  III.  Egbuson  et  al  examined  the 
vibratory  behavior  of  the  rear-axle  assembly  common- 
ly employed  in  motor  cars. 

The  tendency  in  the  remaining  papers  was  to  re- 
gard the  motor  vehicle  as  a complete  system.  Barson 
and  Dodd  presented  experimental  results  of  tires 
on  irregular  surfaces.  Mills  and  Dunn,  who  were  con- 
cerned primarily  with  the  tire  as  an  isolation  element 
between  vibration  source  and  occupant,  measured  the 
mechanical  impedance/mobility  of  a variety  of  tires 
and  showed  that  resonant  frequencies  and  mode 
shapes  vary  with  tire  design.  Phillips  also  considered 
the  transmissibility  of  road  noise.  Instrumentation 
and  test  techniques  for  solving  noise,  vibration,  and 
harshness  problems  were  described  by  Timms  and 
O'Brien  from  the  standpoint  of  the  development 
process  facing  the  manufacturer.  Butkunas  stressed 
the  need  for  relating  laboratory  results  with  those 
obtained  on  the  road.  He  described  two  experimental 
methods  that  can  be  used  on  the  road  to  obtain  the 
vehicle  transfer  function  and  averaged  instantaneous 
mode  shapes. 

L.  Segel 

Professor  of  Mechanical  Engineering 
The  University  of  Michigan 
Ann  Arbor,  Michigan  48109 
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RELIABILITY  DESIGN  FOR  VIBROACOUSTIC  ENVIRONMENTS 

Edited  by:  D.D.  Kara  and  T.G.  Butler 
ASME  Publication  AMD  - Volume  9 (1974) 


In  this  book  reliability  is  shown  to  be  a statistical 
parameter.  The  foreword  states  "The  purpose  of  this 
(volume)  is  to  present  some  fundamentals  and  current 
developments  in  the  application  of  reliability  con- 
cepts to  the  prediction  of  successful  functioning  of 
hardware  and  structures  in  vibration  and  acoustic 
environments."  Reliability  has  become  a valuable 
tool  in  equipment  design  for  seismic  environments 
and  rotating  machinery. 

This  little  volume  consists  of  nine  papers.  The  first, 
which  deals  primarily  with  mechanical  reliability 
theory,  contains  approaches  to  the  reliability  of 
mechanical  components  and  information  about 
cumulative  fatigue  reliability.  The  Goodman  diagram. 
Von  Mise's  equations  of  stress,  and  the  normal  dis- 
tribution curve  are  applied  to  fatigue  loading  of 
materials.  The  reviewer  would  have  liked  a discussion 
of  the  application  of  fatigue  under  random  environ- 
mental conditions. 

The  second  paper  discusses  the  unpredictability  of 
materials  and  the  properties  and  geometry  of  com- 
ponents and  their  influence  upon  performance  of  the 
entire  system.  The  authors  propose  a nine  point 
program  for  developing  design  tolerances. 

The  next  two  papers  describe  reliability  design  in 
shipbuilding  and  seismic  reliability  of  equipment 
design.  The  latter  was  shown  to  be  necessary  after  the 
1971  San  Fernando  Earthquake.  The  authors  suggest 
design  criteria  and  spectra  for  testing  in  a seismic 
environment  and  methods  for  reducing  the  effect 
on  equipment  of  high  acceleration.  An  outline  for 
simulating  a model  of  a lifeline  system  of  a large 
metropolitan  area  is  included. 

The  fifth  paper  considers  data  analysis  of  random 
signals,  the  meaning  of  power  spectral  density, 
coherence  function,  AD  conversion,  and  transfer 
function.  An  example  of  coherence  behavior  is  given. 
The  author  has  published  an  in-depth  study  entitled 
"Digital  Time  Series  Analysis." 


The  sixth  paper  considers  recent  developments  in 
vibration  equivalence  concepts.  The  application  of 
Miner's  rule  is  stressed  and  applied  to  a composite 
equivalence  profile  in  order  to  review  the  design  of 
a product.  Each  potential  damage-producing  process 
and  its  characteristics  are  identified.  The  reviewer  was 
disappointed  that  random-sine  equivalence  and  its 
application  to  design  studies  were  not  considered  in 
any  detail. 

The  seventh  paper  describes  accelerated  reliability 
testing  of  missile  components  under  vibroacoustic 
environments.  Actual  missile  components  were  tested 
in  a simulated  environment.  The  statistical  evaluation 
of  the  breakdown  of  mechanical  and  electrical  com- 
ponents should  serve  as  an  eye  opener  to  those 
number -conscious  designers  with  little  conception  of 
physical  reality. 

The  final  papers  consider  the  application  of  field 
vibration  data  in  laboratory  tests  of  transported 
vehicles  and  in  space  payload  dynamic  testing. 

The  book  is  a good  compendium  of  reliability  testing 
in  vibroacoustic  environments.  In  my  opinion  infor- 
mation about  reliability  in  the  design  of  bridges  and 
buildings  subjected  to  wind  loadings  should  have  been 
included. 

Herb  Saunders 
General  Electric  Company 
Bldg.  43.  Room  319 
Schenectady.  New  York  12345 
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REVIEWS  OF  MEETINGS 


47TH  SHOCK  AND  VIBRATION  SYMPOSIUM 

19  21  October  1976 
Albuquerque  Convention  Center 
Albuquerque,  New  Mexico 

The  47th  Shock  and  Vibration  Symposium,  spon- 
sored by  the  Shock  and  Vibration  Information  Center 
(SVIC),  was  held  in  Albuquerque,  New  Mexico,  in 
October,  It  was  hosted  by  the  Defense  Nuclear 
Agency  (DNA),  Washington,  D.C.  and  the  Field 
Command  Defense  Nuclear  Agency  with  the  coopera- 
tion of  the  Air  Force  Weapons  Laboratory,  Kirtland 
AFB,  New  Mexico.  The  formal  technical  program 
contained  more  than  80  papers  (see  Vol.  8.  No.  9, 
of  the  DIGEST  for  the  complete  program;  paper 
summaries  are  available  from  the  SVIC),  a session  of 
short  reports  of  work  in  progress,  and  panel  sessions 
on  dynamic  effects  on  reliability,  modal  testing  and 
analysis,  and  survivability  and  vulnerability  of  mili- 
tary systems.  Henry  Pusey,  Director  of  the  SVIC,  the 
members  of  the  SVIC  staff,  and  the  program  commit- 
tee are  to  be  congratulated  for  assembling  an  interest- 
ing program.  Among  the  more  than  350  participants 
were  representatives  of  the  federal  government, 
industry,  and  the  teaching  profession  The  attendees 
participated  in  both  the  formal  and  informal  techni- 
cal programs,  thereby  effecting  a meaningful  transfer 
of  shock  and  vibration  technology. 

77>»  Opening  Stuion 

The  opening  session  was  chaired  by  Dr.  Eugene  Sevin, 
Chief  of  Strategic  Structures  Division,  DNA.  Sympo- 
sium participants  were  welcomed  on  behalf  of  the 
DNA  by  General  Thomas  E.  Lacy.  Colonel  Lawrence 
Epley  greeted  the  Symposium  on  behalf  of  the  Air 
Force,  and  Mayor  Harry  Kinney  did  the  same  on 
behalf  of  the  City  of  Albuquerque.  General  Lacy 
described  the  formation  and  scope  of  DNA  and  noted 
that,  like  the  SVIC,  DNA  will  soon  celebrate  its 
30th  anniversary.  Colonel  Epley  stated  the  mission  of 
the  Air  Force  Weapons  Laboratory  in  peace  time:  to 
prepare  to  fly  and  fight.  He  cited  new  programs 


involving  missiles  and  lasers.  Mayor  Kinney , a former 
engineer  with  Sandia  Laboratories  described  the 
growth  and  rebuilding  of  Albuquerque. 

The  keynote  speaker,  Dr.  Hua  Lin,  is  Assistant 
Director  (Offensive  Systems),  Office  Director  of 
Defense  Research  and  Engineering,  Washington,  D.C.. 
During  his  talk  on  "Shock  and  Vibration  Considera- 
tions in  Weapon  System  Acquisition,"  Dr.  Lin  dis- 
cussed weapon  systems  development,  the  role  of 
vibrations  in  repairs  for  the  B1  bomber,  and  the 
effect  of  shock  arid  vibration  considerations  on  the 
structural  integrity  and  acoustic  radiation  of  sub- 
marines. He  noted  that  shock  and  vibration  are  often 
dealt  with  as  necessary  evils  and  that  their  importance 
is  often  recognized  only  after  a program  is  in  trouble. 
Unnessarily  high  costs  for  corrective  measures  result. 
Dr.  Lin  spoke  of  the  concern  of  the  Department  of 
Defense  with  successful  performance  of  a mission, 
the  capability  to  execute  the  mission  at  the  desired 
time,  and  the  affordability  of  the  system. 

The  thrust  of  the  talk  was  the  desirability  to  avoid 
the  costly  pitfalls  of  weapon  systems  procurements. 
These  pitfalls  include  unrealistic  shock  and  vibration 
specifications,  design  trade  offs  (i.e.,  the  exlusion  of 
effective  shock  and  vibration  efforts),  and  difficulty 
in  verifying  performance.  Unrealistic  specifications 
are  the  most  common  problem.  Dr.  Lin  cited  un- 
questioned use  of  MIL-STD-810B  and  argued  that 
undue  conservatism  must  be  avoided.  Determination 
of  realistic  specifications  requires  better  prediction 
techniques,  probabilistic  approaches  would  be  useful, 
and  early  conceptual  tests  would  allow  the  identifica- 
tion of  limits  to  the  problem.  In  Dr.  Lin's  opinion, 
shock  and  vibration  efforts  should  begin  during  the 
design  trade-off  process,  in  which  reasonable  specifi- 
cations are  used  to  avoid  later  fix-up  costs.  In  his 
concluding  remarks  Dr.  Lin  again  stressed  afford- 
ability of  weapon  systems,  trade-off  studies  early 
in  the  design  process,  less  conservative  design,  and 
reasonable  specifications.  He  stressed  the  value  of 
the  Shock  and  Vibration  Symposium  as  a forum  for 
personal  contact  and  discussion  of  technical  problems 


32 


pocket  calculator  were  of  interest 


Three  invited  speakers  were  part  of  the  opening 
session.  Major  Donald  Gage  of  the  Space  and  Missile 
Systems  Organization  discussed  blast,  shock,  and 
vibration  design  considerations  for  Missile  X.  Major 
Gage  described  the  character  and  objective  of  Missile 
X an  underground  mobile  missile  - as  well  as  hard- 
ening and  isolation  mounting  systems  applied  to  the 
missile. 


Isolation  technology  used  in  the  SAFEGUARD 
System  and  elastomeric  element  design  were  part  of 
the  session  on  isolation  and  damping.  A new  tech- 
nological development  in  damping  was  described  the 
characterization  of  bulk  cushion  material  for  its 
viscoelastic  and  thermal  properties  Reports  were  also 
given  on  the  use  of  damping  in  the  reduction  of 
vibration  and  stress  in  aircraft.  Testing  techniques, 
fixture  design,  and  new  instrumentation  were  dis- 
cussed during  the  vibration  testing  session.  In  addi- 
tion case  histories  on  vibration  testing  of  hardware 
were  given.  The  vibration  analysis  session  included 
reports  of  applications  of  vibration  theory  to  the 
solution  of  cable,  plate,  panel,  and  structural  prob- 
lems. A session  on  structural  dynamics  contained 
descriptions  of  unusual  problems  on  composite- 
material  flywheels  for  energy  storage,  pipeline  re- 
sponse, and  gas  dynamic  laser  mounting  forces. 


Mr  Noah  J.  Hurst  of  the  Ballistic  Missile  Systems 
Defense  Command  talked  about  nuclear  hardness  in 
a missile  defense  system  for  now  and  for  the  future 
Mr.  Thomas  Kennedy  of  DNA  gave  an  excellent 
review  on  instrumentation  technology  - which 
includes,  according  to  his  definition,  the  entire 
measurement  system.  He  discussed  phenomena 
measurement,  data  transmission,  recording,  data 
reduction,  and  reporting.  Among  the  factors  which 
he  feels  require  attention  are  higher  frequency  and 
level  measurement  capability,  increased  linearity 
range,  and  phase  measurements  Mr.  Kennedy  sum- 
marized recent  developments:  data  processing  at  the 
transducers,  fiber  optics  for  transmission,  multi- 
plexing of  data,  and  telemetry.  He  appeared  inter- 
ested in  direct  digital  recording  of  data  --  a feat  that 
will  require  development  of  digital  transducers. 


New  measurement  equipment  and  techniques  were 
part  of  the  Instrumentation  and  Data  Analysis 
session.  Measurement  of  angular  vibration  using 
conventional  accelerometers  should  prove  to  be 
valuable  for  many  engineers.  A low  power  laser  and 
light-sensitive  diode  for  measuring  displacement  data 
may  eventually  have  wide  application. 


The  technical  program  contained  the  following 
formal  sessions  shock  testing  and  analysis,  isolation 
and  damping,  vibration  testing,  vibration  analysis, 
instrumentation  and  data  analysis,  systems  applica- 
tions, and  structural  dynamics.  Panel  session  topics 
included  dynamics  effects  on  reliability  and  sur- 
vivability and  vulnerability  of  military  systems.  A 
planning  session  for  a seminar  on  modal  testing  and 
analysis  was  also  held.  An  interesting  session  on  short 
reports  of  work  in  progress  included  elastomeric 
mount  characterization,  impact  testing,  vibration 
testing,  vibration  analysis  of  shipboard  and  missile 
systems,  and  a computational  model  for  piezoelectric 
materials  in  transducers. 


A session  on  systems  identification  and  computer 
applications  was  concerned  with  the  application  of 
known  techniques  to  existing  problems  and  with  the 
development  of  new  techniques. 


The  Symposium  papers  will  be  reviewed  for  the 
quality  of  technical  content  and  presentation.  Select- 
ed papers  will  be  published  in  the  47th  Shock  and 
Vibration  Bulletin  - available  from  the  Shock  and 
Vibration  Information  Center,  Washington  D.C.. 


In  conjunction  with  the  Symposium,  an  extensive 
ladies  program,  planned  by  Mrs.  Pusey  and  Mrs. 
McWhirter  and  capably  directed  by  Barbara  Reeback 
of  Bienvenidos  Tour  Gals,  was  given.  More  than  25 
women  renewed  acquaintances  during  a trip  to 
Espanola  and  environs  for  shopping  --  and  a delicious 
lunch  at  Rancho  de  Chimayo,  a visit  to  old  Santa  Fe, 
including  The  Fenn  Gallery;  and  a fascinating  tour  of 
the  A coma  Pueblo.  The  Symposium  activities  con- 
cluded with  a tour  of  Sandia  Laboratories  on  Friday 
morning. 


The  Symposium  is  the  only  forum  for  discussion  of 
shock  technology.  Many  of  the  papers  pertained  to 
the  application  of  analytic  and  testing  techniques  to 
military  and  industrial  problems.  New  and  practical 
means  for  seismic  and  weapon  effects  testing  include 
waveform  reproduction  on  electrodynamic  shakers 
and  hydraulic  actuators.  'Scaling  of  strong  shock 
Hugoniots  and  shock  spectra  and  responses  using  a 





SHORT  COURSES 


JANUARY 


INTRODUCTORY  COMPUTER  METHODS 
AND  APPLICATIONS 

Dates  January  11-14, 1977 
Place  The  University  of  Texas  at  Austin 
Objective:  This  four-day  course  will  introduce 
participants  to  problem  formulation  and  problem 
solving  in  the  area  of  structural  dynamics.  Emphasis 
will  be  placed  on  mathematical  modeling  of  struc- 
tures and  on  numerical  methods  for  solving  free 
vibration  and  dynamic  response  problems.  Special 
sessions  will  treat  applications  of  special  interest 
to  aerospace,  civil,  and  mechanical  engineers.  Parti- 
cipants completing  this  course  should  have  some 
knowledge  of  numerical  techniques  used  in  current 
computer  programs  having  structural  dynamics 
capability. 

Contact:  Engineering  Institutes.  College  of  Engineer- 
ing, Cockrell  Hall  2.102,  The  University  of  Texas  at 
Austin,  Texas  78712 


PREVENTIVE  MAINTENANCE 
AND  FAULT  DIAGNOSIS 

Dates:  January  31,  February  1 & 2,  1977 

Place  University  of  Houston  Hotel 
Objective:  This  seminar  is  devoted  to  the  understand- 
ing and  application  of  vibration  technology  to  ma- 
chinery preventive  maintenance  programs  and  fault 
diagnosis  problems.  Basic  and  advanced  techniques 
with  illustrative  case  histories  and  demonstrations 
will  be  discussed  by  industrial  experts  and  consul- 
tants. Topics  to  be  covered  in  the  seminaf  include 
development  of  preventive  maintenance  programs; 
measurements,  analysis,  and  data  reduction,  shock 
pulse  techniques  for  bearing  analysis;  computer 
monitoring;  and  acoustic  techniques  An  instrumen- 
tation show  will  be  held  in  conjunction  with  this 
seminar. 

Contact:  Dr.  R.  L.  Eshleman,  Vibration  Institute, 
Suite  206,  101  W.  55th  St.,  Clarendon  Hills,  IL 
60514  Tele.  (312)  654-2254/654-2053 


DIGITAL  SIGNAL  PROCESSING 
Dates:  January  18  • 20, 1977 

Place.  Cincinnati,  Ohio 

Objective:  Theory  and  applications  of  Fast  Fourier 
Transform  (FFT)  hardware  will  be  discussed.  The 
meaning  and  uses  of  Fourier  transforms,  transfer 
functions,  frequency  response  functions  and  convo- 
lution in  the  frequency  and  time  domains  will  be 
covered.  A discussion  on  architectural  and  operation- 
al concepts  of  a dual-channel  digital  signal  processor 
is  included  in  the  program.  Finally,  applications  of 
a dualchannel  FFT  processor  to  different  engineer- 
ing and  signal  analysis  problems  will  be  covered. 

Contact:  Mr.  Bob  Kiefer,  Spectral  Dynamics  Corp. 
of  San  Diego,  P.O.  Box  671,  San  Diego,  CA  92112 
Tele.  (714)565-8211 


A. 


FEBRUARY 

INTRODUCTION  TO  VIBRATION  AND  SHOCK 
TESTING.  MEASUREMENT,  ANALYSIS  AND 
CALIBRATION 

Dates:  February  14-18,  1977 

Place:  Santa  Barbara  California 

Objective:  This  course  will  benefit  plant  engineers 
and  maintenance  personnel  responsible  for  on-line 
condition  analysis  of  rotating  machinery.  Electronic 
techniques  for  analysis  of  vibration  and  sound  signa- 
tures in  terms  of  specific  machinery  faults  will  be 
discussed.  This  course  will  concentrate  upon  equip- 
ments and  techniques  rather  than  upon  theory. 

Contact.  Mr.  W.  Tustin,  Tustin  Institute  of  Tech- 
nology, Inc.,  22  E.  Los  Olivos  St.,  Santa  Barbara,  CA 
93105  Tele.  (805)963-7124 


MARCH 


MACHINERY  VIBRATION  ANALYSIS 

Dates  February  15  - 17, 1977 

Place  Lanham,  Maryland 

Objective  This  course  will  cover  such  areas  as 
fundamentals  of  vibration,  vibration  and  analysis, 
transducer  concepts,  machine  protection  systems, 
analyzing  vibration  to  predict  failures,  reducing 
unbalance  forces,  reducing  misalignment  forces, 
interpreting  vibration  signatures,  improving  analysis 
capability,  and  managing  vibration  data  by  compu- 
ter. 

Contact:  Mr.  Bob  Kiefer,  Spectral  Dynamics  Corp. 
of  San  Diego,  P.O.  Box  671,  San  Diego,  CA92112 
Tele.  (714)  565-821 1 


MODELING  IN  ENGINEERING  DYNAMICS 

Dates  February  28  - March  4, 1977 

Place:  San  Antonio,  Texas 

Objective:  This  course  is  recommendeo  for  pro- 
spective students  who  have  a bachelor's  degree  in 
some  field  of  engineering,  physics,  or  mathematics. 
The  intent  of  this  course  is  to  introduce  and  illustrate 
to  engineers,  physicists,  and  scientists  investigating 
transient  phenomena  the  powerful  tool  of  model 
analysis,  and  although  the  course  is  directed  toward 
experienced  personnel,  a newcomer  to  the  fields 
of  survivability  analysis,  terminal  ballistics  effects, 
safety  engineering,  engineering  dynamics,  etc.  can 
keep  pace  by  diligently  applying  himself. 

Contact:  Mr.  Peter  S.  Westine,  Southwest  Research 
Institute,  P.O.  Box  28510.  San  Antonio.  TX  78284 


CORRELATION  AND  COHERENCE  ANALYSIS 
FOR  ACOUSTICS  AND  VIBRATION  PROBLEMS 

Dates:  March  7-11, 1977 

Place:  UCLA 

Objective:  This  course  covers  the  latest  practical 
techniques  of  correlation  and  coherence  analysis- 
ordinary,  multiple  and  partial-for  solving  acoustics 
and  vibration  problems  in  physical  systems. 

Contact:  Continuing  Education  in  Engineering  and 
Mathematics,  Short  Courses,  6266  Boelter  Hall, 
UCLA  Extension,  Los  Angeles,  CA  90024 
Tele.  (213)  825-1047 


MEASUREMENT  SYSTEMS  ENGINEERING 

Dates:  March  14  - 19, 1977 

Place.  Phoenix,  Arizona 

Objective:  Program  emphasis  is  on  how  to  obtain 
valid,  cost-effective  data  in  the  field  and  in  the  labor- 
atory during  the  next  decade  through  increased  pro- 
ductivity of  data  acquisition  systems  and  groups. 
The  latest  developments  in  the  new  Unified  Approach 
to  the  Engineering  of  Measuring  Systems  to  achieve 
these  aims,  will  be  presented. 

Contact:  Prof.  P.  Stein,  Short  Course  Director, 
5602  East  Monte  Rosa,  Phoenix,  A2  85018 
Tele:  (602)  945-4603/965-3124 
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NEWS  BRIEFS 


news  on  current 

and  Future  Shock  and 

Vibration  activities  and  events 


ASTM  COMMITTEE  ON  ENVIRONMENTAL 
ACOUSTICS  APPROVES  NEW  STANDARDS 

Two  proposed  new  standards  were  approved  for  sub- 
mission to  ASTM  letter  ballot  during  the  meetings  of 
American  Society  for  Testing  and  Materials  (ASTM) 
Committee  E-33  on  Environmental  Acoustics  in 
Denver  on  October  11-13,  1976. 

A proposed  Method  for  Laboratory  Measurement 
of  the  Noise  Reduction  of  Sound  Isolating  Enclosures 
describes  reverberation  room  measurement  of  the 
noise  reduction  of  audiometric  rooms,  personnel 
booths,  and  other  sound  isolating  enclosures. 

A proposed  Tentative  Recommended  Practice  for 
Measuring  a Single  Number  Rating  of  the  Airborne 
Sound  Isolation  in  Multifamily  Dwellings  Suitable 
for  Use  in  Building  Specifications  describes  uniform 
procedures  for  determining  the  A-weighted  noise 
reduction  between  neighboring  (usually  adjacent) 
rooms  in  a building.  This  recommended  practice  is 
intended  for  use  by  building  code  writers  and  others 
concerned  with  sound  isolation  between  dwelling 
units,  hotel  and  motel  rooms,  hospital  rooms,  and 
small  offices. 

The  next  meetings  of  Committee  E-33  will  be  on 
April  11-13,  1977  in  Bethesda,  MD.  Meeting  detail* 
can  be  obtained  from  the  Committee  Secretary, 
Charles  W.  Rodman,  Battelle  Memorial  Institute, 
505  King  Ave.,  Columbus,  OH  43201 
(Tele  614-424-6424). 


FIFTEENTH  MIDWESTERN 
MECHANICS  CONFERENCE 

The  Fifteenth  Midwestern  Mechanics  Conference 
will  be  held  March  23  - 25,  1977,  at  the  University 
of  Illinois  at  Chicago  Circle.  Members  of  the  mech- 
anics community  throughout  the  United  States 
and  Canada  are  invited  to  join  as  participants.  Unlike 
those  of  previous  Midwestern  Mechanics  Conferences, 


the  Proceedings  of  this  conference  will  contain  only 
the  abstracts  of  papers.  Full  publication  elsewhere  in 
professional  journals  is  permitted  and  encouraged. 

For  further  information,  contact  Prof.  T.C.T.  Ting, 
Dept,  of  Materials  Engineering,  Univ.  of  Illinois  at 
Chicago  Circle,  Box  4348,  Chicago,  I L 60680 


TWENTY-THIRD  INTERNATIONAL 
INSTRUMENTATION  SYMPOSIUM 

This  will  be  the  fourth  in  a series  of  symposia  jointly 
sponsored  by  the  Aerospace  Industries  and  Test 
Measurement  Divisions  of  the  Instrument  Society 
of  America.  The  previous  meetings  have  established 
this  symposium  as  the  outstanding  forum  for  presen- 
tation of  original  work  in  aerospace  and  test  measure- 
ment instrumentation.  Papers  will  be  presented  which 
cover  advances  in,  or  new  applications  of,  instrumen- 
tation devices,  systems,  or  techniques  in  the  following 
fields: 

MEASUREMENTS:  Strain;  Motion;  Flow;  Pressure; 
Thermal;  Acoustics,  Shock  and  Vibration 

INSTRUMENTATION  TECHNIQUES  & HARD- 
WARE: NDT  & Acoustic  Emission;  Analog  Signal 
Conditioning;  Microprocessors  & Minicomputers; 
Electro-Optic/Photographic 

APPLICATIONS:  Aircraft;  Space  & Reeentry  Ve- 
hicles; Oceanography,  Land  Vehicles;  Machinery; 
Nuclear  Reactors;  Automation 

TEST  CONTROL  & DATA  ANALYSIS:  Real  Time 
Display  & Control,  Microprocessor,  Minicomputer 
and  Calculator  Applications 

The  symposium  will  be  held  at  the  Dunes  Hotel  in 
Las  Vegas,  Nevada  on  May  1 through  5,  1977.  For 
additional  information,  contact:  Mr.  Phillip  Legendre, 
Aerospace  Corp.,  2350  East  El  Segundo  Blvd., 
El  Segundo,  CA  90245 
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NUMERICAL  ANALYSIS 


ANALYSIS  AND  DESIGN 


ANALYTICAL  METHODS 

(Also  we  No.  1911) 


76-1872 

Application  of  an  Extended  Hamiton's  Principle 
to  Damped  Diaerete  and  Contiauoua  System* 

M.  Levinson 

Dept,  of  Civil  Engrg.  and  Engrg.  Mechanics,  McMas- 
ter  Univ.,  Hamilton,  Ontario,  Canada  L8S  4L7 
Mech.  Res.  Comm.,  pp  125-131  (1976)  10  refs 
Sponsored  by  the  National  Res.  Council  of  Canada 

Kay  Wonts:  HamiltG-'ian  principle.  Mechanical  systems. 
Damped  structures 

This  paper  dtows  how  an  extended  Hamilton's  principle 
may  be  applied  to  e wide  variety  of  dissipative  mechanical 
systems  including  damped  acoustic  waves.  Both  linear  and 
nonlinear  problems  may  be  treated  in  this  manner.  The 
value  of  the  extended  Hamilton’s  principle,  motivated  by 
the  principle  of  virtual  work,  is  that  it  provide*  e beets  upon 
which  Reylei0i-Ritz  and  vac  let  tonally  based  finite  element 
approximations  can  be  made.  The  principle  was  originally 
formulated  in  order  to  study  (nondMpatlve)  nonconeerve- 
tive  problems  of  elastic  stability  and  it  hat  been  used  at  the 
basis  of  finite  element  studies. 


INTEGRAL  TRANSFORMS 

(See  No.  1888) 


76-1873 

Normal  iced  Frequencies  and  Deviations  as  Function 
of  Coupling,  Mass-Loading  and  Harmonic:  Numerical 
Results  for  Lateral  Excitation 

A.  Ballato 

Army  Electronics  Command,  Fort  Monmouth,  NJ 
Rept.  No.  EC0M-4404, 160  pp  (Apr  1976) 
Availability:  Paper  copy  available  from  CDR.  U.S. 
Electronics  Command,  ATTN.  DRSEL-TL-ML,  Fort 
Monmouth,  NJ  07703 

Key  Words:  Piezoelectric  transducers.  Resonant  frequency. 
Vibration  frequencies 

This  report  provides  specific  numerical  results,  in  the  form 
of  data  tablet,  obtained  from  the  solution  of  the  pertinent 
transcendental  equations  governing  the  vibration  frequencies 
Of  matt-loaded  piezoelectric  plates,  in  the  one-dimensional 
approximation.  The  tablet  refer  to  excitation  of  a tingle 
thickness  plate  mode  by  an  electric  field  in  the  lateral  direc- 
tion. Resonance  and  antireso nance  frequencies  ere  given  in 
normalized  form,  along  with  frequency  deviations,  as  func- 
tion of  harmonic  of  operation,  piezoelectric  coupling  factor, 
and  amount  of  mess  loading. 


OPTIMIZATION  TECHNIQUES 

(See  No.  1958) 


FINITE  ELEMENT  MODELING 

(Also  tee  No.  1990) 


76-1874 

Three-Dimeausoaal  Finite  Elcmeut  Analysis  for 
High  Velocity  Impact 

S.T.K.  Chan.C.H.  Lee  and  M.R.  Brashears 
Lockheed  Missiles  and  Space  Co.,  Res.  and  Engrg. 
Ctr..  Huntsville.  AL,  Rept.  No.  NASA-CR-1 34933; 
LMSC-HREC-TR-D390900,  160  pp  (Aug  1975) 
N76-21592 
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Kay  Words:  Finite  ai ament  technique.  Impact  raaponie 

A finite  ai ament  algorithm  for  aolving  unsteady,  three- 
dimensional  high  velocity  impact  problems  is  presented. 
A computer  program  was  developed  baaed  on  the  Euler ian 
hydroelasto-viacoplastic  formulation  and  the  utilization  of 
the  theorem  of  weak  solutions.  The  aquations  solved  consist 
of  conservation  of  mesa,  momentum,  and  energy,  equation 
of  state,  and  appropriate  constitutive  equations.  The  solution 
technique  it  a time-dependent  finite  element  analysis  utiliz- 
ing three-dimensional  isoparametric  el  aments,  in  conjunction 
with  a generalized  two-step  time  integration  scheme.  The 
developed  code  wet  demonstrated  by  solving  one-dimensional 
at  well  as  three-dimensional  impact  problems  for  both  the 
Invite  id  hydrodynamic  model  and  the  hydroelasto-viaco- 
plastic model. 


76-1875 

Finite- Element  Models  for  NUSC  Vibration  Experi- 
ments on  Thin-Line  Towed-Array  Modules 

C.S.  Nichols,  R.R.  Smith  and  D.  Barach 

Naval  Undersea  Ctr.,  San  Diego,  CA„  Rept.  No. 

NUC-TP-496,  72  pp  (Jan  1976) 

AD-A022  662/IGA 

Key  Words:  Sonar  arrays.  Towed  bodies.  Finite  element 
technique.  Mathematical  models.  Vibration  response 

Finite-el  ament  models  were  developed  for  thin-line  towed- 
array  modules.  The  modules  that  have  been  considered 
are  a 15-ft  hose  strength  member  module,  a 30- ft  internal 
strength  member  module,  and  three  different  configura- 
tions for  a 5-ft  internal  strength  member  module.  The  theore- 
tical predictions  of  these  models  for  impedance,  transmissibil- 
ity,  longitudinal  displacement  and  pressure  level  were  com- 
pared to  experimental  measurements  on  these  modules 
that  were  obtained  at  NUSC.  Good  agreement  is  obtained 
between  the  theoretical  predictions  end  the  experimental 
measurements.  It  is  shown  that  the  size  of  the  spacer  hole  is 
an  important  parameter  in  determining  the  p re  mu  re  level 
in  an  internal  strength  member  module. 


76-1876 

Finite  Elesnent  Analyse  of  Elaetie-Flaetie  Wave 
Propagation  Effects 

H.  Armen  and  H.  Garnet 

Materials  and  Structural  Mechanics.  Grumman  Aero 
space  Corp.,  Bethpage,  NY,  11714,  Computers  anc 
Struc.,  6 (1),  pp  45-53  (Feb  1976)  15  fig*.  20  refs 

Key  Words:  Math  emetic  el  modeling.  Finite  element  tech- 
nique, Dynamic  reaponee.  Wave  propagation 


The  feasibility  of  dynamic  analysis  by  means  of  the  finite 
Siam  ant  method,  in  conjunction  with  direct  time  step  inte- 
gration procedures,  has  been  demonstrated  and  documented 
in  the  literature.  However,  there  appears  to  be  some  uncer- 
tainty concerning  the  validity  of  such  analytes  in  cases  in- 
volving wave  propagation  effects.  It  is  the  purpose  of  this 
paper  to  demonstrate  that  under  appropriate  conditions, 
nonlinear  finite  element  analysis  techniques,  utilizing  e vari- 
able time  step  integration  procedure,  may  be  applied  to 
obtain  a reliable  description  of  the  response  of  a body 
undergoing  wave  propagation  effects. 

I 


MODELING 

(See  Nos.  1902.  1925,  1996) 


DIGITAL  SIMULATION 

(See  No.  2015) 


PARAMETER  IDENTIFICATION 

(Also  see  Nos.  1965.  1966,  2011) 


76-1877 

Distributed  System  Identification:  A Green's  Func- 
tion Approach 

G.R.  Spalding 

Dept,  of  Engrg.,  Wright  State  Univ.,  Dayton,  OH 
J.  Dyn.  Syst.,  Meas.  and  Control,  Trans.  ASME, 
98  (2).  pp  146-151  (June  1976)  8 refs 

Key  Words:  System  identification.  Continuous  parameter 
method.  Green  function 

A method  it  presented  for  identifying  linear  distributed 
parameter  systems.  Emphasis  is  placed  on  identification  at 
a function  of  spatial  coordinates  by  considering  time-trans- 
formed, nolee  free  systems.  Measurements  of  system  response 
are  combined  with  the  Green's  function  method  of  analysis 
to  obtain  integral  equations  that  can  be  solved  for  unknown 
matW  operators  or  coefficients.  A discrete  form  of  the 
theory  Is  developed,  utilizing  Chabydtev  polynomials.  This 
shows  prior  estimates  to  be  used  to  determine  the  number 
and  location  of  ipetial  measurements 
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76-1878 

Frequency-Domain  Synthesis  of  Optimal  Inputs 
for  Linear  System  Parameter  Kstimation 

R.K.  Mehra 

Div.  of  Engrg.  and  Applied  Physics,  Harvard  Univ., 
Cambridge,  MA.,  J.  Dyn.  Syst.,  Meas.  and  Control, 
Trans.  ASME,  98  <2),  pp  130-138  (June  1976) 
1 fig,  24  refs 

Ksy  Words:  Parameter  identification.  Dynamic  systems. 
Structural  synthesis.  Frequency  domain 

This  paper  formulates  the  problem  of  estimating  parameters 
in  linear  single-input  multi-output  dynamic  systems  as  a 
regression  problem  in  frequency  domain.  An  expression 
for  the  information  matrix  is  derived  and  its  properties 
ere  studied.  A frequency  domain  condition  on  the  input  for 
the  nonsingularity  of  the  information  matrix  is  obtained. 


DESIGN  INFORMATION 

(See  No.  1991) 


CRITERIA,  STANDARDS, 
AND  SPECIFICATIONS 

(See  No.  1975) 


SURVEYS 


76-1879 

Structural  Mechanics  Software.  Volume  1.  March 
1971-April  1975  (A  Bibliography  with  Abatracte) 

D.W.  Grooms 

NTIS,  Springfield,  VA,  Rept.  for  Mar  1971  - Apr 
1975, 190  pp  (June  1976) 

N T I S/PS-7 6/0436/6G  A 

Key  Words:  Bibliographies,  Computer  programs.  Finite 
element  techniques.  Dynamic  analysis 

The  use  of  computer  programs  in  structural  analysis-design 
problems  are  cited.  Included  are  detailed  analytes  of  struc- 
tural problems,  applied  and  theoretical,  in  many  areas  using 
finite  elements  and  other  numerical  techniques.  (This  up- 
dated bibliography  contains  185  abstracts,  none  of  which 
are  new  entries  to  the  previous  edition.) 


76-1880 

Structural  Mechanics  Software.  Volume  2.  May  1975- 
May  1976  (A  Bibliography  with  Abstracts) 

D.W.  Grooms 

NTIS,  Springfield,  VA.,  Rept.  for  May  1975  - May 
1976,82  pp  (June  1976) 

(Supersedes  NT  I S/PS-74/428  and  COM-74-10833) 
NTIS/PS-76-0437/4GA 

Key  Words:  Bibliographies,  Computer  programs 

The  use  of  computer  programs  in  structural  analysis-design 
problems  are  cited.  Included  are  detailed  analyses  of  struc- 
tural problems  - applied  and  theoretical  - including  stress 
analysis,  vibration  problems,  diear  stress  analysis,  deforma- 
tion analysis  and  others.  The  major  computer  programs 
cited  in  this  report  are  NASTRAN,  EPSOLA.  SUPER- 
SCEPTRE, and  SINGER.  (This  updated  bibliography  con- 
tains 77  abstracts,  all  of  which  are  new  entries  to  the  pre- 
vious edition.) 


76-1881 

Highway  Safety  Structures  (A  Bibliography  with 
Abstracts) 

G.H.  Adams 

NTIS.  Springfield,  VA.,  147  pp  (Apr  1976) 

NTI  S/PS-7 6/0295/6G  A 

Key  Words:  Collision  research  (automotive).  Highway  trans- 
portation, Bibliography 

Documentation  is  made  of  various  structures  and  mechanical 
devices  for  promoting  highway  safety.  Reports  pertain  to 
highway  signs  and  displays,  barriers,  medians,  breakaway 
polas  and  supports,  crash  cushions,  parapets,  guard  rails, 
curbs,  and  fences.  Discussions  are  presented  of  impact 
attenuators,  diagrammatic  signs,  glare  screens,  high  intensity 
sheeting,  and  arrester  beds.  Also  noted  are  retroref I active 
color  coded  signs,  median  grates,  louvered  signs,  redirecting 
curbs,  and  other  installations.  Soma  attention  is  given  to 
tests  and  methodology.  (Contains  142  abstracts) 


76-1882 

Acoustic  Holography  (Citations  from  the  Engineering 
Index  Data  Base) 

E.J.  Lehmann 

NTIS  Springfield.  VA.,  Rept.  for  1970  - May  1976, 
166  pp  (June  1976)  See  also  NTIS/PS-76/0440 
N T I S/PS-7 6-044 1 /6G  A 
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Key  Word*  Acoustic  holography.  Tasting  techniques.  Bibiks- 
grephy 

Worldwide  research  on  acoustic  holography  is  covered. 
Theory,  uses,  equipment  design,  and  imaging  techniques  are 
presented.  Most  of  the  studies  are  general  and  not  applied 
to  a specific  use  of  acoustic  holography.  However,  there 
are  citations  wrfiich  do  discuss  its  use  in  medicine,  nudeer 
reactors,  and  nondestructive  testing.  (Contains  161  abstracts) 


76-1883 

Acoustic  Holography  (Citations  from  the  NT1S 
Data  Base) 

D M.  Craig  and  E.J.  Lehmann 

NTIS,  Springfield,  VA,  Rept.  for  1974  - May  1976 

107  PP  (June  1976)  (Also  see  NTIS/PS-76/0441 . 

Supersedes  NTIS/PS-75/432  and  COM-74-10871) 

NTIS7PS-76-0440/8GA 

Key  Words:  Acoustic  holography.  Bibliographies 

All  aspects  of  acoustic  holography  are  covered  in  this  biblio- 
graphy of  Federally-funded  resae.cn.  Theory,  equipment 
design,  uses,  and  imaging  techniques  are  presented.  The 
applications  indude  underwater  and  underground  object 
locating,  structural  geology  and  tectonics,  sonar  imaging, 
nondestructive  testing,  antenne  radiation  patterns,  nudeer 
reector  inspection,  remote  sensing,  and  a use  in  medical 
examinations.  (This  updated  bibliography  contains  102 
abstracts,  38  of  which  are  new  entries  to  the  previous  edition.) 


76-1884 

Publications  in  Acoustics  and  Noise  Control  from  the 
NASA  Langley  Research  Center  during  1940-1974 

G.C.  Smith  and  J.N.  LaNeave 

NASA  Langley  Res.  Ctr.,  Langley  Station,  VA 

Rept.  No.  NASA-TM-X -72710,  71  pp  (July  1975) 

N76-23942 

Key  Words:  Noise  control.  Ducts,  Blades,  Aircraft  noise. 
Sonic  boom.  Structural  response.  Human  response 

This  document  contains  reference  lists  of  published  Langley 
Reasardi  Center  papers  in  various  areas  of  acoustics  and 
noise  control  for  the  period  1B40-1B74.  The  research  work 
was  performed  either  in-house  by  the  center  staff  or  by 
other  personnel  supported  entirely  or  in  part  by  grants  or 
contracts. 


76-1885 

Recent  Advances  in  the  Technology  of  Aircraft 
Noiae  Control 

R.E.  Pendley 

Douglas  Aircraft  Co.,  Long  Beach,  CA.,  J.  Aircraft, 
13  (7),  pp  513-519  (July  1976)  16  figs.  25  refs 

Key  Words:  Aircraft  noise.  Noise  reduction.  Engine  noise. 
Fans.  Compressors,  Turbines 

Continuing  research  end  development  programs  dealing  with 
the  technology  of  aircraft  noise  control  have  yielded  recent 
significant  advances.  Certain  noise  sources  about  which  little 
wet  known  previously  have  become  better  understood. 
Concepts  leading  to  more  efficient  noise  suppression  have 
been  defined.  This  paper  surveys  recent  results  from  a num- 
ber of  research  and  development  programs  active  within 
industry  and  government.  The  paper  discusses  advances 
relating  to  the  prediction  and  suppression  of  noise  generated 
by  engine  components  (fans,  compressors,  turbines,  com- 
bustors, and  jets).  In  addition,  it  discusses  recent  advances  in 
the  understanding  of  the  noise  generated  by  the  aerodynamic 
flow  over  airframe  components. 


TUTORIAL 


76-1886 

Department  of  Transportation  Surface  Transporta- 
tion Noiae  Abatement  Programs 

W.H.  Close 

Office  of  Noise  Abatement,  Dept,  of  Transportation, 
Washington,  D.C.,  Noise  Control  Engr.,.6  (2),  pp  SI- 
85  (Mar-Apr  1976) 

Key  Words:  Noise  reduction.  Traffic  noise 

Several  divisions  of  the  Department  of  Transportation  and 
their  functions  with  respect  to  noise  control  are  surveyed. 
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COMPUTER  PROGRAMS 


GENERAL 

(Ain  EM  Not.  1880.  1911,  1988) 


76-1887 

Computational  Predictions  of  Shock  Diffraction 
Loading  on  an  S-280  Electrical  Equipment  Shelter 

R.E.  Lxmero 

Ballistic  Research  Labs.,  Aberdeen  Proving  Ground. 
MD..  Rept.  No.  BRL-MR-2599,  39  pp  (Mar  19761 
AD-A022  804/9GA 

Kay  Words:  Computer  program ».  Equipment  response. 
Shock  response 

Tha  Lot  Alamos  Sciamiflc  Laboratory,  under  contract  to 
the  BRL,  utilized  a thread  intentional,  transient,  hydro- 
dynamics computer  program,  BAAL,  developed  at  LASL, 
to  compute  tha  diffraction  loading  versus  time  caused  by  a 
one-dimensional  34.476  kPa  (6.0  pill  overpressure  steady 
dtock  wave  striking  an  S-280  Electrical  Equipment  Shatter. 


76-1888 

Community  Noise  Exposure  Resulting  from  Aircraft 
Operations.  Appendix:  NOISEMAP  Program  Opera- 
tor's Manual 

N.H.  Reddingius 

Bolt  Beranek  and  Newman,  Inc.,  Canoga  Park,  CA 
Rept.  No.  BBN-2946,  AMRL-TR-73-108-App.  29  pp 
(Feb  1976) 

AD-A022  911  /2G  A 

Kay  Words:  Computer  programs.  Aircraft  no  Isa 

Thle  report  dal  inaatas  tha  program  operator  changes  consis- 
tent with  tha  additional  developments  made  on  tha  computer 
program  described  in  AMRL-TR-73-109  (AD-A004  821). 

— -A-  ISS.I s ‘ — — - — -A  ,t|aaar,  ^ Inn  tbs  n a Lues 

In#  80080  C8P#DR lilt*  ana  Improvaa  ai8QOOIlCl  ii»8T  TOfTTl 

NOISEMAP  3.2  are  dlacumd.  NOISEMAP  3.2  is  used  Air 
Pores  wide  so  compute  community  noise  exposure  from 
aircraft  flying  and  ground  runup  operations  for  preparing/ 
assessing  candidate.  Environmental  Impact  Statements  and 
planning  compatible  land  use  In  the  vicinity  of  sir  InstaMe- 
tftom. 


76-1889 

A Computer  Program  to  Automate  a Method  for 
Predicting  Acoustically  Induced  Vibration  in  Trans- 
port Aircraft 

T.  Harris 

Air  Force  Flight  Dynamics  Lab.,  Wright-Patterson 
AFB,  OH.,  Rept.  No.  AFFDL-TM-75-1 1 1 -FYS, 
53  pp  (.Ian  1976)  (Also  see  rept.  dated  Sept  1974, 
AD-A004  215) 

AD-A022  571 /4G  A 

Key  Words:  Transport  aircraft.  Vibration  response.  Acoustic 
excitation.  Computer  programs 

The  report  presents  a computer  program  which  automates 
a vibration  prediction  method.  Inputs  to  the  program  are 
estimates  of  fluctuating  pressure  levels  in  third-octave  bends. 
These  may  be  either  sound  pressure  lav  sit  from  the  engines 
or  the  levels  of  aerodynamic  flow  turbulence,  in  addition, 
for  new  aircraft  with  structures  which  differ  appreciably 
from  contemporary  transport  designs,  values  of  parameters 
which  characterize  the  mess  and  rigidity  ot  the  new  structure 
may  be  input  to  the  program. 


NATURAL  FREQUENCY 


76-1890 

Data  Errors  in  the  Computation  of  Free  Motion 
W.  Gawronski 

Technical  Univ.  of  Gdansk,  Inst,  of  Mechanics  and 
Machine  Design,  80-952  Gdansk,  Poland,  Compu- 
ters and  Struc.,  £.  (1),  pp  17-27  (Feb  1976)  8 figs. 
14  refs 

Key  Words:  Error  analysis.  Natural  frequencies.  Mode  diapet. 
Finite  element  technique.  Computer  programs 

Input  data  In  the  computation  of  free  motion  (the  inertia 
and  stiffness  matrices)  contain  some  errors.  These  errors 
generate  errors  of  output  data  (the  natural  frequency  vector, 
the  natural  mode  vectors).  In  this  paper  the  ralstimhips 
between  errors  of  input  and  output  data  in  the  computation 
of  frae  motion  are  derived.  This  analysts  is  applied  to  the 
finite  element  method.  The  paper  presents  projrem  ERROR, 
which  computet  the  errors  of  the  natural  frequencies  created 
by  the  Inertia  matrix  errors.  An  example  of  tha  influence 
of  tha  errors  of  the  meet  and  of  tha  mats  moment  of  inertia 
on  the  natural  frequenciee  of  a ship  hull  it  presented. 
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ENVIRONMENTS 


ACOUSTIC 

(Also  see  Not.  1882.  1883,  1888.  1906. 
1941.  1950.  1964.  1977,  1978.  1979.  1982.  1998) 


76-1891 

Fluid  Mechanical  Model  of  the  Acouatie  Impedance 
of  Small  Orifice* 

A S.  Hersh  and  T.  Rogers 

Hersh  Acoustical  Engineering,  Chatsworth,  CA. 
Rept.  No.  NASA-CR-2682,  57  pp  (May  1976) 
N76-23947 


76-1893 

Study  of  Community  Noise  Complaint*  Caused  by 
Electric  Power  Plant  Operations 

R.M.  Hoover 

Bolt  Beranek  and  Newman,  Inc.,  3344  Crossview, 
Houston,  TX„  Noise  Control  Engr.,_§_(2),  pp  74-80 
(Mar-Apr  1976)  9 figs,  4 refs 

Key  Words:  Electric  power  plants.  Noise  generation 

The  main  results  of  e study  of  a number  of  documented 
cases  of  community  complaints  about  noise  due  to  power- 
plant  operations  are  presented.  The  mecific  purpose  of  this 
study  was  to  diow  the  range  of  A -weigh ted  sound  levels 
at  locations  in  the  community  where  complaints  had  been 
made,  to  provide  one  guide  for  the  evaluation  of  proposed 
design  limits  for  the  exterior  noise  of  power-plant  operations. 


Key  Words:  Holes.  Acoustic  Impedance 

A fluid  mechanical  modal  of  the  acoustic  behavior  of  small 
or  if  Ices  is  presented  which  predicts  orifice  resistance  and 
reactance  at  a function  of  incident  sound  pressure  level, 
frequency,  end  orifice  geometry.  Agreement  between  pre- 
dicted end  measured  values  it  excellent. 


SEISMIC 

(See  Nos.  1905.  1991,  1992) 


SHOCK 

(Also  see  Nos.  1874,  1885,  1908.  1993) 


76-1892 

Souk  Boom  Fiupsgrtm*  at  Low  Superaouk  Speeds 

N.W.  Page 

Aeronautical  Res.  Labs.,  Melbourne,  Australia.  Rept. 
No.  ARL/A-143,  37  pp  (May  1975) 

N76-21203 

Key  Words:  Sonic  boom.  Noise  generation.  Sound  waves, 
Wivt  propagation 

AtWiimhmU * AUAe  m mfUInne  Owe  awiae  — 

AiinoBJnii *c  ■no  ft  npii  CQiuinioni  rwcvmry  to  cbum 

fraction  of  ray  paths  sufficient  to  reveres  their  vertical  di- 


1. IS  in  a standard  aunomhere  wMh  horlsonlel  wi 
linearly  teWt  altitude.  Both  the  hsl^it  tor  varti 
of  ray  paths  and  ray  path  curvature  aura  found 
on  a sinde  non  dlmeneiond  i eh  act  ion  parent 
expressee  t^te  relethre  l^n^t^s^tenae  of  re^Vaeti^s^s 
vertical  gradients  of  wind  and  temperature. 


winds  varying 


76-1894 

Design  Study  of  a Suppressive  Structure  for  a Melt 
Loading  Operation 

W.E.  Baker,  P.A.  Cox,  E.D.  Esparza  and  P.S.  Westline 
Southwest  Research  Inst.,  San  Antonio,  TX.,  Rept. 
No.  TR-9,  EM-CR-76043,  74  pp  (Dec  1975)  (Also 
see  rept.  dated  Nov.  1975,  AD-A022  333) 

AD-A024  378/2GA 

Kay  Words:  Oynamic  retponse,  Blast  loads,  Explosion 
effects.  Beams,  Cylinders,  Roofs 

This  report  presents  the  results  of  a design  study  for  a struc- 
ture to  suppress  blast  and  fragment  effects  from  detonation 
of  a large  quantity  of  Comp  B explosive  in  a mdt  kettle. 
A number  of  design  concepts  were  evaluated,  and  a specific 
configuration  recommended.  Relatively  detailed  design 


TRANSPORTATION 

(See  No.  2001) 


mm-" 
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PHENOMENOLOGY 


DAMPING 

(AI«o  we  No.  2029) 


76-1895 

Study  on  Pwiw  Nutation  Dampen.  Volume  1: 
Literature  Survey  and  Analyaa 

L.J.Ancher,  H.  vdBrink,and  A.  Pouw 

Space  Div..  Royal  Netherlands  Aircraft  Factories 

Fokker,  Schiphol-Oost..  Rept.  No.  FOK-RV-75- 

1 10-Vol-l,  ESA-CR(P)-788-Vol-1 . 218  pp  (Dec  1975) 

N76-22291 

Key  Word*:  Nutation  dampen.  Bibliographies,  Spacecraft 
equipment 

Passive  type  nutation  dampen  were  analyzed  for  single  spin 
satellites.  A literature  survey  mas  carried  out.  and  e list  of 
criteria  was  compiled  and  used  for  a comparison  of  damper 
types.  The  following  damper  types  were  selected  for  further 
study  since  they  are  the  most  promising  in  terms  of  mass, 
performance,  end  reliability  for  future  missions;  pendulum 
with  eddy  current  damping,  tube  with  endpots  damper, 
and  pertly  filled  annular  damper.  A masa-tpringdadipot 
damper  was  also  studied.  For  each  type,  the  damper-only 
equation  was  derived  after  decoupling  the  satellite  motion 
and  the  damper  motion.  The  coupled  equations  of  motion 
were  derived.  The  Routh-Hurwitz  stability  criterion  was 
analyzed  for  the  mast-ipring-dashpot  damper  using  linearized 
equations  of  motion.  Existing  methods  of  simulating  the 
flight  performance  of  the  damper  on  the  ground  are  outlined. 
For  volumes  2 and  3.  see  ESR-96981  and  ESR  96982. 


76-1896 

Study  on  Paaeive  Nutation  Dampen.  Volume  2: 
Damper  Selection  and  DimeMioning 

L.J.  Ancher,  H.  vdBrink  and  A.  Pouw 

Space  Div.,  Royal  Netherlands  Aircraft  Factories 

Fokker,  Schiphol-Oost,  Rept.  No.  FOK-RV-75- 

IIO-Vol-2;  ESA-CR(P)-788-Vol-2,  213  pp  (Dec 

1975) 

N76-22292 

Key  Words:  Nutation  dampers,  Bibliographies,  Spacecraft 
equipment 


Passive  type  nutation  dampers  were  analyzed  for  single  min 
satellites.  Types  studied  are.  pendulum  with  eddy  current 
damping,  tube  with  endpots  damper,  and  partly  filled  annular 
damper.  A mats- spring-dash  pot  damper  was  alto  considered. 
A selection  and  dimensioning  procedure  of  damper  type  it 
presented.  The  type  of  damper  which  dtouid  preferably  be 
used  in  a given  mission  depends  on  both  mission  require- 
ments and  satellite  parameters.  A rigorous  and  a simplified 
dimensioning  procedure  it  given  for  the  pendulum  and  tube 
with  endpots  damper.  The  selection  and  dimensioning  pro- 
cedure is  exemplified  for  three  satellite  missions  defined 
by  ESTEC.  For  volumes  1 and  3,  tee  ESR-96980  and  ESR- 
96982. 


76-1897 

Study  on  Paaeive  Nutation  Dampen.  Volume  3: 
Appendices 

I I.  Ancher,  H,  vdBrink  and  A.  Pouw 

Space  Div.,  Royal  Netherlands  Aircraft  Factories 
Fokker,  Schiphol-Oost,  Rept.  No.  FOK-RV-74-1 10- 
Vol-3-APP;  ESA-C R (P )-788-Vol -3-App , 128  pp  (Dec 
1975) 

N76-22293 

Key  Words:  Nutation  dampers.  Bibliographies.  Spacecraft 
equipment 

Passive  type  nutation  dampers  were  analyzed  for  tingle  *>in 
satellites.  Types  studied  are:  pendulum  with  eddy  current 
damping,  tube  with  endpots  damper,  and  partly  f Hied  annular 
damper.  A mat»-spring<lathpot  damper  was  alto  considered. 
A literature  matrix  covering  details  of  106  publications  stud- 
ied is  presented.  Alto  included  are  mathematical  details 
concerning  mainly  equations  of  motion  of  the  various  dam- 
per types.  For  volumes  1 and  2;  see  ESR-96980  and  ESR- 
96961. 


FLUID 

(Also  see  Nos.  1921,1938,1939,1940) 


76-1898 

Wave  Forces  on  Models  of  Submerged  Offdiore 
Structures 

P.E.  Versowsky  and  J.B.  Herbich 
Coastal,  Hydraulic  and  Ocean  Engrg.  Group,  Texas 
A&M  Univ.,  College  Station,  TX„  Rept.  No.  TAMU- 
SG-74-215,  COE-175,  NOAA-76030304,  135  pp 
(Aug  1975) 

PB-253  059/0GA 
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K«y  Words:  Underwater  structures,  Offshore  structures, 
Watsr  waves,  Modal  tasting  (tasting  of  models) 

Tha  results  of  a modal  study  of  the  forcas  caused  by  oscil- 
latory waves  on  large  rectangular  tank-like  submerged  objects 
are  presented.  Three  phases  of  the  problem  were  examined: 
(1)  description  of  the  forces  in  terms  of  dimensionless 
parameters,  (21  description  of  the  effect  of  large  wave  heights 
which  are  of  importance  to  tha  designer,  and  (3)  the  presen- 
tation of  a format  to  be  used  In  modal  studies  on  submerged 
structures.  Theoretical  studies  of  the  problem  have  assumed 
wave  heights  to  be  small  and  the  forces  to  be  entirely  inertial. 
However,  of  interest  to  the  engineer  are  the  forcas  caused 
by  the  larger  wares  generated  by  severe  storms.  In  the  model 
study  tha  forces  caused  by  the  larger  waves  were  determined 
end  the  effect  of  the  water  particle  velocity  in  producing  a 
drag  force  wee  examined.  Tha  relatiomhips  between  the 
fluid  particle  dtspi.  -ament  and  tha  coefficients  of  mass  and 
drag  were  evaluated 


76-1899 

Cyclic  Sqaenc  F9ms  as  Micropolar  Fluid  Lubricated 
Journal  Bearings 

J.  Prakash  and  P.  Sinha 

Dept  of  Machine  Design,  The  Engrg.  Research 
Foundation  at  the  Technical  Univ.  of  Norway, 
Trondheim.  Norway,  J.  Lubric.  Tech.,  Trans.  ASME, 
98  (31,  pp  412417  (July  1976)  10  figs.  14  refs 

Kay  Words:  Lubrication,  Squeeze-film  bearings.  Journal 
bearings 

The  Reynolds  aquation  tar  tha  general  case  of  dynamic 
loading  is  derived  for  fluid  suspensions,  using  the  micro- 
polar  fluid  theory.  Detailed  consideration  is  given  to  tha 
dynamic  behavior  of  squeeze  films  in  journal  bearings  under 
a fluctuating  load  with  no  journal  rotation.  The  character- 
istics of  an  infinitely  long  journal  baarlng  under  a cyclic 
sinusoidal  load  are  drawn  in  curve  form,  so  as  to  elaborate 
tha  micropolar  effects. 


76-1900 

Dynast  se  Analyses  of  Flaatnbydmdyuausk  lyuws 

S.M.  Rohde,  D.  Whicker  and  A.L.  Browne 
Engrg  Mechanics  Dept.  Res.  Labs.,  General  Motors 
Corp..  Warren,  Ml.,  J.  Lubric.  Tech.,  Trans.  ASME. 
98  (3),  pp  401406  (July  1976)  8 figs,  11  refs 
ASME  Paper  No.  75-Lub-S 


Key  Words:  Elastohydrodynamic  properties.  Lubrication, 
Transient  response.  Squeeze-film  bearings 

This  paper  contains  an  analysis  of  a dase  of  elastohydrody- 
namic  squeeze  film  problems.  A transient  analysis  is  presen- 
ted. Thick  films  bounded  by  a finite  rigid  plate  and  a compli- 
ant haif-raece  are  considered.  The  effect  of  different  ap- 
proach constraints  is  explored,  amoung  these  being  constant 
and  time  varying  load  and  constant  and  time  varying  center 
point  presaure.  The  effect  of  different  material  models  is 
also  considered. 


76-1901 

Stablity  Analysis  and  Optimization  of  By-Paea  Con- 
trolled Heat  Exchanger  with  Boling 

J.S.  Ansari 

School  of  Automation,  Indian  Inst,  of  Science, 
Bangalore,  India,  J.  Dyn.  Syst.,  Meas.  and  Control, 
Trans.  ASME,  98  (2),  pp  161-166  (June  1976) 
3 figs,  7 refs 

Kay  Words:  Heat  exchangers.  Stability,  Optimization,  Mathe- 
matical models 

A heat  ax  changer  with  boiling  is  consider  ad.  Tha  final  tam- 
perature  of  steam  Is  controilad  with  tha  halp  of  a controller 
which  regulates  tha  flow  rata  of  by-pass  water  mixing  with 
the  outcomlng  steam.  Tha  tlmpleet  known  mathematical 
modal  retaining  tha  nonlinear  and  distributed  parameter 
nature  of  the  process  h adopted.  A known  method  of  anal- 
ysis, namely,  Uapunov-Rezumlkhin  theorem,  is  used  to 
derkre  results  on  stability.  An  interesting  feature  of  the  sys- 
tem ie  that  a positive  feedback  is  required  for  stability. 
If  the  control  Is  designed  on  tha  basis  of  minimization  of  tha 
error  in  tha  final  tamparature  atone,  than  tha  optimal  con- 
trol, requiring  a negative  feedback,  leads  to  sustsined  oscil- 
lations in  tha  Intermediate  variables,  even  when  the  output 
is  steady.  Tha  analysis,  therefore  suggests  that  meaningful 
optimization  mutt  taka  into  account  fluctuations  in  inter- 
mediate variables  in  addition  to  tha  error.  A derivative 
control  Is  shown  to  improve  tha  transient  response. 


SOIL 

(Also  saa  Not.  1901.2028) 


76-1902 

Dynamic  Behavior  of  Partially  Embedded  Pie 

M.A.  Satter 

Dept,  of  Mech.  Engrg.,  Pshlavi  Univ.,  Shiraz,  Iran 
ASCE  J.  Gaotach.  Engr.  Div.,  K>2  (GT7),  pp  775- 
786  (July  1976) 

Paper  No  . 11266 
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Key  Words:  PH*  structural,  PI*  driving.  Interaction:  soH- 
(tructura.  Vibration  response,  Msthsmaticei  models 

Vibrational  behavior  of  a partially  ambaddad  pla  has  bean 
studied  theoretically  and  soma  of  the  results  compared  with 
available  field  data.  A mathematical  modal  incorporating 
"ple-aoii  interaction*'  for  resonant  p4e  driving  has  bean 
proposed.  Only  the  longitudinal  mods  of  the  pile  hat  bean 
considered,  but  the  tame  theory  may  be  modified  dightJy 
to  predict  torsional  behavior  at  wall.  The  modal  aquation 
it  solved  through  standard  Fourier  transform  method.  Certain 
simplification  has  bean  introduced  to  the  solution  to  mln- 
imize  computational  effort  whle  retaining  good  accuracy. 


76-1903 

Multiple  Diffract ioas  of  Elastic  Shear  Waves  by  a 
Rigid  Rectangular  Foundation  Embedded  iu  aa 
Elastic  Half  Space 

M.  Dravinski  and  S.A.  Thau 

Div.  of  Engrg.  and  Applied  Science.  California  Inst, 
of  Technology,  Pasadena.  CA.,  J.  Appl  Mech.,  Trans. 
ASME.  43  (2).  pp  295-299  (June  1976)  3 figs, 
5 refs 

Sponsored  by  the  National  Science  Foundation 

Kay  Words:  Foundations,  Interaction:  soil -structure,  Wave 
diffraction.  Elastic  waves 

A rigid  rectangular  foundation,  embedded  in  an  elastic 
had  space,  is  subjected  to  a plana,  trends  a.  horizontally 
polarized  Steer  (SH)  wave.  Embedment  depth  of  the  four*- 
(jUtQn  iraj  ft it  mg|f  of  tht  IncMuKi  of  th#  plnn  wmw# 
are  asnimsd  to  be  arbitrary.  The  problem  considered  is  of 
the  antiplane-strain  type.  The  Laplace  and  Kontorovlch- 
Labedov  transforms  are  employed  to  darhre  the  aquation  of 
motion  for  the  foundation  during  the  period  of  time  required 
for  an  8H  wave  to  traverse  the  base  width  of  the  obstacle 
twice.  Therefore  this  solution  indudas  the  precast  of  mul- 
tiple diffractions  at  the  corners  of  the  foundation. 


76-1904 

Mritipfe  Diffract ioau  of  Elastic  Waves  by  a Rigid 
Rectangular  Foundation:  Plane-Straits  Modal 

M.  Dravinski  and  S.A.  Thau 

Div.  of  Engrg.  and  Applied  Science.  California  Inst, 
of  Technology,  Pasadena.  CA.,  J.  Appl.  Mech., 
Trans,  ASME,  & (2),  pp  291-294  (June  1976) 
3 figs,  4 refs 

Sponsored  by  the  National  Science  Foundation 

Kay  Words:  Interaction:  sol-structure.  Foundations,  Wtva 
diffraction.  Elastic  waves 


A rigid  rectangular  foundation  embedded  in  an  elastic  half 
space  moves  in  s direction  perpendicular  to  the  surface  of  the 
half  space.  The  modal  under  consideration  is  of  the  plane- 
strain  type.  By  application  of  the  Laplace,  Fourier,  and 
Kontorovlch-Lebedev  (K-L)  transforms,  the  aquation  of 
motion  for  the  foundation  it  derived.  The  transient  response 
of  the  foundation  is  exact  during  the  period  of  time  required 
for  a longitudinal  wavs  to  traverse  the  bare  of  the  foundation 
twice.  Thus  the  process  of  multipit  diffractions  at  the  corners 
of  the  foundation  it  taken  into  account. 


76-1905 

Semitic  Response  usd  Liquefaction  of  Sands 

W.D.L.  Finn,  P.M.  Byrne  and  G.R.  Martin 
Dept,  of  Appl.  Sci.,  Univ.  of  British  Columbia,  Van- 
couver, Canada,  ASCE  J.  Geotech.  Engr.  Div.,  102 
(GT8),  pp  841-856  (Aug  1976)  14  figs,  14  refs 

Key  Words:  Sand,  Seismic  response 

An  effective  stress  analysis  has  been  developed  for  deter- 
mining the  dynamic  response  of  horizontal  saturated  rend 
dspoaits  to  earthquake  motions  consisting  of  vertically  pro- 
pagating shear  waves.  A hyperbolic  stress-strain  law  is  used 
for  sands  in  drear  and  during  the  earthquake  motions  the 
modulus  and  damping  proparties  of  the  sands  are  modified 
continuoudy  for  the  affects  of  dynamic  drear  strains  and 
pore  water  pressures.  The  pore-water  pressures  are  contin- 
uoudy updated  using  aquations  which  relate  port-water 
pressures  to  dynamic  drear  strain  history. 


VISCOELASTIC 

(Also  IBS  No.  2027) 


76-1906 

Vibration  of  Elastic  Bodies  with  Smal  Viscoelastic 
Effects 

S.  Cerneeu  and  E.  Sanchez-Palencia 

Eoole  Normals  Superieure  de  Fontenay-aux- Roses 

at  Laboratoire  de  Mecanique  Thaorique,  associe  au 

C.N.R.S.,  J.  Mecanique,  J!  (2),  pp  237-263  (1976) 

20  refs 

(In  French) 

Key  Words:  Acoustic  properties.  Viscoelasticity 

The  vferetiona  of  elastic  bodies  whose  aquations  of  motion 
contain  a onall  viscoelastic  term  are  studied.  By  using  the 
two-scale  expansion  method,  the  acoustic  properties  of  the 
sound  associated  with  the  vbrstion  are  studied;  at  the 
otcllations  decay,  the  sound  tends  to  hove  a finite  number  of 
well -determined  frequencies. 
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EXPERIMENTATION 


DIAGNOSTICS 

(Also  see  No.  19201 


76-1907 

Proceedings  of  the  22d  Meeting  of  the  Mechanical 
Failures  Prevention  Group 

T.R.  Shives  and  W.A.  Will iard 

Metallurgy  Div.,  NASA,  Goddard  Space  Flight  Ctr., 

Greenbelt.  MD..  Rept.  No.  NASA-TM-X073005; 

PB-248254/5;  CNBS-SP436,  369  pp  (Dec  1975) 

N76-22563 

Kay  Words:  Diagnostic  techniques.  Proceedings 

These  Proceedings  consist  of  s group  of  nineteen  submitted 
papers  and  discussions  from  the  22nd  meeting  of  the  Mech- 
anical Failures  Prevention  Group  which  was  held  at  the 
Grand  Hotel  in  Anaheim,  California  on  April  23-2S,  1975. 
Failure  detection,  diagnosis,  and  prognosis  represent  the 
central  theme  of  the  Proceedings.  Technology  and  tech- 
niques, ongoing  diagnostic  programs,  and  coming  require- 
ments in  the  field  of  diagnostics  and  preventive  mainten- 
ance are  discussed.  In  addition,  several  case  histories  are 
presented. 


FACILITIES 


76-1908 

Exploding  Wire  Shock  Teat  Facility 

R.A.  Board  man 

Cushing  Engrg.  Inc.,  Northbrook,  IL.,  Contract  No. 
N00014-73-C-0402,  34  pp  (April  15, 1976) 

AD-A024  924/3GA 

Key  Words:  Shock  tests.  Test  facilities.  Underwater  explo- 
sions 

The  Cushing  Engineering  Company  Shock  Test  Facility  has 
recently  been  assembled  and  demonstrated  at  Naval  Re- 
search Laboratory,  Wellington,  D.C.  for  the  purpose  of 
Investigating  and  testing  underwater  explosion  phenomena 
from  a pure  energy  yield  explosion  source.  In  con)unction 


with  these  experiments,  formulas  were  developed  to  accurata- 
ly  scale  the  data  results  from  these  tests  to  approximate 
large  nuclear  explosions.  The  attendant  instrumentation 
for  this  facility,  presently  available,  allows  for  the  study  of 
gas  bubble  dynamics,  urface  wave  and  shock  wave  propa- 
gation, rarefaction  shock  wave  generated  cavitation  and 
column  formation.  The  purpose  of  this  document  it  to 
describe  the  aforementioned  test  facility  equipment  in  re- 
gard to  its  construction,  alignment  and  operational  sequence. 


76-1909 

Note  on  Aero-Acouatic  Measurement*  in  Openjet 
Wind  Tunnels 

H.V.  Fuchs 

Deutsche  Forschungs-  und  Versuchsanstalt  fuer 
Luft-  und  Raumfahrt,  Berlin,  W.  Germany,  Inst, 
fuer  Turbulenzforschung,  Rept.  No.  DLR-IB-357- 
74/4,  29  pp  (1974) 

N 7 6-22980 

Key  Words:  Acoustic  measurement.  Wind  tunnels 

Sound  measurements  in  a turbulent  air  flow  ere  discussed. 
Problem  areas  include  acoustic  contamination,  turbulent 
flow  pressures,  and  probe  flow  interference.  Possible  probe 
developments  for  in-flow  noise  measurements  are  indicated, 
and  a short  survey  of  activities  in  pressure  fluctuation  and 
sound  measurements  inside  airflows  is  given. 


76-1910 

The  New  Transonic  and  Supersonic  Wind  Tunnel  of  the 
Aerodynamic  Institute 

G.  Freytag 

Agnew  Tech-Tran.,  Inc.,  Woodland  Hills,  CA.,  Rept. 
No.  NASA-TT-F-16977,  18  pp  (Apr  1976)  (Engl, 
transl.  from  Rheinisch-Westfalische  Tech.  Hoch- 
schule,  Abhandlungen  (Aachen),  no.  22,  1975,  pp 
233-238) 

N76-21222 

Key  Words:  Wind  tunnels 

The  available  compressor  installations  restrict  the  use  of  the 
new  wind  tunnel  to  an  intarmittent  operation  schadula. 
Operational  datails  are  discussed,  taking  into  account  the 
employment  of  auction  and  pressure.  The  design  of  the 
wind  tunnel  is  considered,  giving  attention  to  the  Laval 
noizle,  the  free  jet  chamber,  the  dlffuaor,  and  the  transonic 
chamber. 
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76-1911 

Sting  Dynainici  of  Wind  Tunnel  Models 

J.P.  Billingsley 

Arnold  Engrg  Dev.  Ctr.,  Arnold  Air  Force  Station, 
TN.,  Rept  No.  AEDC-TR-76-41 . 65  pp  (May  1976) 
(Prepared  in  cooperation  with  ARO,  Inc.,  Tullahoma, 
TN.  Rept  No  ARO-VKF-TR-75-V50) 

AD-A024  455/9GA 

Kay  Words:  Wind  tunnai  lasts.  Mountings,  Oscillation. 
Computer  programs 

Wind  tunnai  modal  support  stings  can  ba  subtact  ad  to  tran- 
sient aerodynamic  and  inertial  loads  which  will  create  oscil- 
latory trandations  and  angular  deflections.  These  transient 
oscUlationt  always  impair  steady-state  data  accuracy  and 
can  ba  large  enough  to  causa  structural  failure.  The  primary 
result  o / this  investigation  has  been  the  formulation  of  a 
mathematical  analysis  for  the  dynamic  response  of  sting- 
balance  combinations  subjected  to  arbitrary  transient  load 
inputs.  The  analysis  also  provides  for  sting  rigid  body  motion 
so  that  modal  to  tunnai  injection  and  continuous  sting 
rotation  can  ba  simulated.  A computer  program  was  written 
to  numerically  solve  the  sting-model-balance  notion  equa- 
tions. 


76-1912 

Design  and  Preliminary  Test  Results  at  Mach  5 of 
an  Axisymmetric  Slotted  Sound  Shield 

I.E.  Beckwith,  A.J.  Spokowski,  W.D.  Harvey,  and 
P C.  Stainback 

NASA,  Langley  Res.  Ctr.,  Langley  Station,  VA., 
Rept  No.  NASA-TM-X-72679,  64  pp  (June  1975) 
N76-22217 

Key  Words:  Acoustic  sbsorption.  Noise  barriers.  Wind 
tunnels 

The  basic  theory  and  sound  attenuation  mechanisms,  the 
design  procedures,  and  preliminary  experimental  results  are 
presanted  for  a small  axitymmatric  sound  shield  for  super- 
sonic wind  tunnels. 


76-1913 

Analysis  of  a Platform  for  Measuring  Moments  and 
Products  of  Inertia  of  Large  Vehicles 

D.  Orne  and  T.  Schmitz 

Dept,  of  Mech.  Engrg.  Sciences.  Wayne  State  Univ., 
Detroit,  ML,  J.  Dyn.  Syst.,  Meas.  and  Control,  Trans. 
ASME,  2fi  (2).  pp  186-195  (June  1976),  10  figs, 
5 refs 

Kay  Words:  Test  facilities.  Ground  vehicles.  System  identi- 
fication, Inertial  forces,  Vibratory  techniques 

A rigid  platform  symmetrically  supported  by  four  sloping 
cables  is  proposed  for  meesuring  the  center-of-grevity  coor- 
dinatee  and  the  moments  and  products  of  inertia  of  large 
vehicles  such  as  buses,  trucks,  and  trailers.  In  addition  to 
a torsional  degree-of-freedom,  the  system  undergoes  pitch 
and  roll  motions  about  axes  through  the  system  instan- 
taneous center  which  lies  directly  below  the  center  of  the 
platform  at  the  intersection  of  the  cable  lines-of-action 
under  quiescent  conditions.  The  natural  frequencies  and 
normal  modes  of  the  freely  vibrating  loaded  platform  are 
used  as  Inputs  to  a linearized  System  Identification  Algo- 
rithm for  computing  the  inertia  properties  of  the  test  vehicle. 
Hypothetical  test  data  generated  from  the  Free  Vibration 
Analysis  of  a sample  test  configuration  are  used  to  evaluate 
the  sensitivity  of  the  System  Identification  Algorithm  to 
inaccuracies  in  test  data  or  to  truncation  errors  in  compu- 
tation. 


76-1914 

Impact  Dynamics  Research  Faclity  for  Full-Scale 
Aircraft  Crash  Testing 

V.L.  Vaughan,  Jr.  and  E.  Alfaro-Bou 
NASA,  Langley  Res.  Ctr.,  Langley  Station,  VA, 
Rept.  No.  NASA-TN-D-81 79;  L-10514,  56  pp  (Apr 
1976) 

N76-21 173 

Key  Words:  Test  facilities.  Aircraft,  Crash  research  (aircraft) 

An  impact  dynamics  research  facility  (IDRF)  was  developed 
to  crash  test  full-scale  general  aviation  aircraft  under  free- 
flight  test  conditions.  The  aircraft  are  crashed  into  the  im- 
pact surface  as  free  bodies;  a pendulum  swing  method  is  used 
to  obtain  desired  flight  paths  and  velocities.  Flight  paths 
up  to  -69  deg  and  aircraft  velocities  along  the  flight  paths 
up  to  about  27.0  m/s  can  be  obtained  with  a combination 
of  swing-cable  lengths  and  raises!  heights  made  available 
by  a large  gantry.  Seven  twin  engine,  2721-kg  aircraft  were 
successfully  crash  tested  at  the  facility,  and  all  systams 
functioned  properly. 


INSTRUMENTATION 

(Also  see  Nos.  1873.  1887,  2031) 


TECHNIQUES 

(Also  see  Nos.  1882,  1883.  1909.  1973,  2030) 


76-1915 

New,  Compact  Instrument  for  Pul ae- Echo-Overlap 
Meaaurementa  of  Ultraaonic  Wave  Transit  Times 

E.P.  Papadakis 

Ford  Motor  Co.,  24500  Glendale  Ave.,  Detroit,  Ml 
48239.  Rev.  Sci.  Instr.,  47  (7),  pp  806-813  (July 
1976)  8 figs,  16  refs 

Kay  Words:  Measuring  instruments.  Pulse  test  methods. 
Phase  velocity 

A new  instrument  is  described  which  permits  the  travel  time 
of  ultrasonic  waves  to  be  measured  accurately  and  conven- 
iently by  the  pulse-echo-overlap  method  (PEO).  The  accur- 
acy and  versatility  of  the  PEO  method  are  reviewed,  and 
optimal  methods  of  pr sparing  and  interrogating  samples 
are  presented.  Extensive  data  on  a large  blank  of  fused  silica 
are  presented.  Longitudinal  and  diear  wave  velocities  were 
calculated  from  the  wove  travel  times  through  measured 
thicknesses,  and  the  aiactic  moduli  ware  subeequendy  calcu- 
lated from  the  velocities  and  the  msasursd  density. 


76-1916 

Frequency  Doubling- A New  Approach  to  Vibrating 
Sample  Magnetometers 

C.N.  Guy 

Physics  Dept.,  Imperial  College,  London  SW7  2BZ, 
England,  J.  Phys.  E„  (Sci  Instr.),  9 (6),  pp  433-435 
(June  1976)  4 figs,  6 refs 

Key  Words:  Measuring  instruments 

It  is  diown  that  e general  treatment  of  the  propertiee  of 
vibrating  sample  magnetometer  pickup  coki,  leads  to  the 
possibility  of  induced  signals  at  twice  the  frequency  of  sam- 
ple vibration.  Possible  applications  of  this  effect  to  two 
sample  magnetometers  and  magnetic  anisotropy  measure- 
ments are  diem  wed. 


SIMULATORS 

(See  No.  1918) 


76-1917 

Dynamic  Simulation  in  Wind  tunnels.  Part  1 

H.  Hoenlinger  and  O.  Sensburg 
Messerschmitt-Boelkow-Blohm  G.m.b.H.,  Unterneh- 
mensbereich  Flugzeuge,  Ottobrunn,  W.  Germany 
Rept.  No.  MBB-UFE-1 180-0,  20  pp  (Apr  1975) 
(Presented  at  the  AGARD  Flight  Mech.  Panel  Symp. 
on  Flight/Ground  Testing  Facilities  Correlation, 
Valloire/Modane,  France,  9-12  June  1975) 

N76-21 192 

Key  Words:  Flutter,  Testing  techniques.  Wind  tunnel  tests. 
Aircraft  wings.  Wing  stores 

The  techniques  used  to  invsstigsts  flutter  characteristics  and 
flutter  suppression  systems  are  described.  Two  cases  in  which 
active  flutter  suppression  was  successfully  applied  are  demon- 
strated. One  case  deals  with  the  flutter  of  a wing  with  a 
store  and  the  other  with  an  empennage  flutter  case. 


76-1918 

Automated  Dynamic  Load  Simulator-A  Useful  Tool 
in  Evaluating  Cranking  Syatem  Design 

S.M.  Chohart 

General  Motors  Corp.,  McCook,  IL.,  ASME  Paper  No. 
76-DE-13 

Key  Words:  Automated  testing.  Testing  techniques.  Internal 
combustion  anginas 

An  automated  dynamic  load  simulator  was  designed  and 
constructed  for  laboratory  endurance  testing  of  internal 
combustion  engine  cranking  system.  This  paper  provides 
a description  of  the  simulator  from  conceptual  as  well  as 
hardware  standpoints. 


76-1919 

Determination  of  the  Dynamic  Structural  Reaponae 
Characteristics  of  a Large  Diesel  Engine  by  Means 
of  the  Low  Level  Impedance  Method 

R.T.M.  Yang 

Delaval  Turbine  Inc.,  Oakland,  CA.,  ASME  Paper 
No.  76-DGP-9 

Key  Words:  Diesel  engines.  Frequency  response.  Measure- 
ment techniques 


¥j 


This  paper  deacribet  the  combination  physical  and  analy- 
tical approach  used  to  determine  the  dynamic  structural 
response  of  a large  and  complex  structure  like  the  diesel 
engines  and  auxiliaries.  Due  to  the  size  and  complexity  of 
the  diesel  engine,  the  conventional  drake  table  and  modal 
analysis  cannot  accurately  predict  the  dynamic  characteris- 
tics of  the  system.  This  method  enables  accurate  measure- 
ment of  the  frequency  response  at  the  various  points  of 
interest  on  the  engine  system.  For  nuclear  standby  power 
application,  the  diesel  generator  system  will  have  to  be 
seisnically  qualified  for  structural  adequacy.  The  results 
of  this  test  enable  the  necessary  modifications  and  adjust- 
ments to  the  mathematical  modal,  so  that  an  accurate  pre- 
diction of  structural  characteristics  can  be  achieved. 


76-1920 

Comparison  of  Acoustic  and  Strain  Gauge  Techniques 
for  Crack  Closure  Measurements 

0.  Buck,  R.V.  Inman,  and  J.D.  Frandsen 
Science  Ctr.,  Rockwell  Inti.  Corp.,  Thousand  Oaks, 
CA,  Rept.  No.  NASA-CR-1 44968;  SC5032.22FR, 
40  pp  (May  10, 1976) 

N76-22581 

Kay  Words:  Diagnostic  techniques.  Acoustic  techniques. 
Crack  detection,  Measuring  techniques 

A quantitative  study  on  the  systems  performances  of  the 
COD  gauge  and  the  acoustic  transmission  techniques  to 
elastic  deformation  of  pert-through  crack  and  compact 
tension  specimens  has  been  conducted.  It  is  diown  that  the 
two  irttruments  measure  two  completely  different  quanti- 
ties: The  COD  gauge  yields  information  on  the  length  change 
of  the  specimen  whereas  the  acoustic  technique  it  sensitive 
directly  to  the  amount  of  contract  area  between  two  sur- 
faces, interfering  with  the  acoustic  signal.  In  another  series 
of  experiments,  compression  tests  on  parts  with  specifically 
prepared  surfaces  were  performs-' 


COMPONENTS 


BEAMS,  STRINGS,  RODS 

(Also  see  Nos.  1957,  2024) 


76-1921 

Random  Response  of  Offshore  Structures  to  Wave 
and  Current  Forces 

S.C.  Wu  and  C.C.  Tung 

Dept,  of  Civil  Engrg.,  North  Carolina  State  Univ., 
Raleigh,  NC,  Rept.  No.  UNC-SG-75-22,  NOAA- 
76022006, 125  pp  (Sept  1975) 

PB-252  331 /4G  A 

Key  Words:  Offshore  structures.  Towers,  Dynamic  response 

Dynamic  responses  of  offshore  structures  to  random  waves 
and  steady  current  are  examined.  The  structural  response 
quantities  examined  are  the  displacement,  shear,  and  bend- 
ing moment.  The  statistic  sought  is  the  peak  response  which 
is  the  quantity  directly  used  in  design  considerations.  Numer- 
ical results  are  obtained  for  four  offshore  towers,  ranging 
in  heights  from  475  to  1075  feet,  for  various  wave  and  cur- 
rent conditions.  Results  are  presented  graphically.  It  is 
shown  that  structural  responses  increase  with  increase  in 
current  speed  but  the  effects  of  wave-current  interactions 
are  important  only  for  tall  slender  structures.  Also,  the 
effects  of  current  on  structural  response  diminishes  with 
increase  in  the  strength  of  the  waves. 


76-1922 

A Study  of  the  Higher  Modal  Dynamic  Hattie  Re- 
sponse of  Beams 

N.  Jones  and  T.  Wierzbicki 

Dept,  of  Ocean  Engrg.,  Massachusetts  Inst,  of  Tech., 
Cambridge,  MA.  Rept.  No.  76-3,  40  pp  (Apr  1976) 
AD-A025  204/9GA 

Kay  Words:  Beams,  Modal  analyals 

A theoretical  and  experimental  investigation  into  the  higher 
modal  dynamic  plastic  response  of  fully  clamped  beams  it 
reported  herein.  It  it  diown  that  the  influence  of  geometry 
changes  or  finite-deflections  it  important.  It  appears  that  the 
higher  modal  response  of  beams  it  a more  efficient  meant 
of  absorbing  a given  magnitude  of  kinetic  energy  than  a 
tingle  modal  response. 
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76-1923 

Elastic-Plastic  Response  of  6061-T6  Aluminum 
Beams  to  Impulse  Loads 

M.J.  Forrestal  and  D.L.  Wesenberg 
Simulation  Research  Dept.,  Sandia  Laboratories, 
Albuquerque,  NM,  J.  Appl.  Mech.,  Trans.  ASME.  43. 
(2).  pp  259-262  (June  1976)  6 figs,  15  refs 

Kay  Words:  Beams.  Pulse  excitation.  Shock  excitation. 

Elastic  plastic  properties 

The  elastic-plastic  response  of  6061-T8  aluminum  beams  is 
examined  experimentally  and  analytically.  Simply  supported 
beams  are  loaded  with  half-sine  wave,  short-duration  mag- 
netic pressure  pulses  and  the  response  it  monitored  with  a 
framing  camera  and  strain  gages.  A closed-form  elastic- 
plastic  approximate  theory  for  peak  displacement  it  derived 
and  compered  with  measurements  end  a numerical  analysis. 
Measured  displacement-time  and  strain-time  histories  are  also 
compered  with  numerical  predict  ions.  Good  agreement  it 
shown  between  measurements  and  predict  ions. 


76-1924 

Dynamic  Behavior  of  Meal  Fibre-Reinforced  Rigid- 
Plastic  Beam* 

N. Jones 

Dept,  of  Ocean  Engrg.,  Massachusetts  Inst,  of  Tech- 
nology, Cambridge,  MA.,  J.  Appl.  Mech.,  Trans. 
ASME,  43  (2),  pp  319-324  (June  1976)  4 figs, 
14  refs 

Key  Words:  Beams,  Fiber  composites.  Anisotropy,  Dynamic 
plasticity 

Theoretical  solutions  are  developed  herein  for  the  dynamic 
plastic  structural  response  of  some  ideal  fibre-reinforced 
(strongly  anisotropic)  beams  with  boundary  conditions  and 
external  dynamic  loadings  which  can  be  reproduced  easily 
and  reliably  in  a laboratory.  The  theoretical  behavior  of  these 
beams  is  compared  to  the  corresponding  dynamic  response 
of  beams  which  are  made  from  a rigid  perfectly  plastic 
isotropic  material. 


76-1925 

A Lumped  Maas  Vibration  Model  of  a Slender  Lattic- 
ed Cantilever 

M.A.  Parameswaran  and  K.  Sukumaran 
Mechanical  Engrg.  Dept.,  Indian  Inst,  of  Technology, 
Madras,  India,  Computers  and  Struc.,  JH2),  pp  107- 
109  (Apr  1976)  4 figs 


Key  Words:  Cantilever  beams.  Normal  modes,  Lumped  mass 
method.  Mathematical  models 

A relatively  simple  numerical  iterative  procedure  for  estima- 
ting the  normal  modes  of  flexural  vibrations  of  a slender, 
multipanel  latticed  cantilever,  taperad  or  straight,  is  develop- 
ed. The  cantilever  is  reduced  to  a N mass  system  and  the 
influence  coefficients  are  derived  with  due  consideration  to 
the  shear  flow  through  the  diagonal  bracings.  Experimental 
and  computer  results  on  a model  are  compared. 


76-1926 

Optimum  Support  Damping  for  a Vibrating  Beam 

J.C.  Macbain  and  J.  Genin 

Air  Force  Aero  Propulsion  Lab.,  Wright-Patterson 
AFB,  OH.,  Rept.  No.  AFAPL-TR-76-14.  16  pp 
(Feb  1976) 

AD-A025  106/6GA 

Key  Words:  Cantilever  beams.  Vibration  damping.  Supports, 
Mathematical  models,  Lumped  mess  models 

A method  for  determining  the  optimum  support  damping  of 
a flexibly  supported  cantilever  beam  using  an  analogous 
lumped  mass  model  it  described.  The  optimum  system 
damping  is  determined  as  e function  of  rotational  end-fixity 
of  the  cantilever  support  interface.  The  damping  value  bated 
on  the  lumped  mass  model  is  found  to  be  in  good  agreement 
with  the  damping  value  bated  on  a mathematical  model  of 
a continuous  cantilever  beam. 


76-1927 

Added  Maas  and  Damping  of  a Vibrating  Rod  in 
Confined  Viacous  Fluids 

S.S.  Chen,  M.W.  Wambsganss  and  J.A.  Jendrzejczyk 
Components  Technology  Div.,  Argonne  National 
Lab.,  Argonne,  IL.,  J.  Appl.  Mech.,  Trans.  ASME.  43 
(2),  pp  325-329  (June  1976)  5 figs,  10  refs 

Key  Words:  Cantilever  rods.  Submerged  structures.  Viscous 
damping 

This  paper  presents  an  analytical  and  experimental  study  of 
a cylindrical  rod  vibrating  in  a viscous  fluid  enclosed  by  a 
rigid,  concentric  cylindrical  shall.  A closed-form  solution  for 
the  added  mess  and  damping  coefficient  it  obtained  and  a 
series  of  experiments  with  cantilevered  rods  vibrating  in 
various  viscous  fluids  it  performed.  Experimental  data  and 
theoretical  results  are  in  good  agreement. 


76-1928 

Ob  Dualities  ia  the  Oseilatioas  of  Naturally  Curved 
aad  P re  twisted  Rods 

B.  Tabaiok  and  M.  Farshad 

Dept  of  Mechanical  Engrg.,  Univ.  of  Toronto, 
Toronto,  Canada.  Inti.  J.  Solids  Struc.,  12  (8).  pp 
601  609  (1976)  1 fig.  13  refs 

Key  Words:  Curved  rods.  Initial  deformation  effacts.  Equa- 
tions of  motion 

The  pertinent  equations  of  naturally  curved  and  pretwitted 
rods,  in  the  form  of  compatibility,  equilibrium  and  constitu- 
tive relations  are  obtained  under  the  assumptions  of  infinites- 
imal deformations  and  material  isotropy.  Then  by  forming 
the  expressions  for  various  energy  terms,  the  aquations  of 
motion  of  the  rod  are  obtained  vie  Hemlton's  principle  and 
the  complementary  energy  principle.  On  comparing  these 
two  forms  of  equations  of  motion,  and  the  associated  bound- 
ary conditions  certain  dualities  are  exposed.  Finally  the 
equations  of  some  special  rods,  including  the  plane  arch  and 
the  straight  pretwisted  rod,  are  examined. 


76-1929 

The  Vibration  of  Cylinders 

G.M.L.  Gladwefl 

Solid  Mech.  Div„  Faculty  of  Engineering,  Univ.  of 
Waterloo,  Ontario,  Canada,  Shock  and  Vibration 
Digest,  8 (8).  pp  13-24  (Aug  1976)  18  figs,  37  refs 

Key  Words:  Cylinders,  Rods,  Free  vibration.  Reviews 

This  survey  is  concerned  with  the  vibrations,  mostly  free 
undemped  vibrations,  of  solid  and  hollow  circular  cylinders, 
not  with  cylindrical  dtallt;  the  term  'rod'  will  bo  used  to 
denote  a solid  circular  cylinder.  Shall  theories  will  be  con- 
sidered only  insofar  as  their  ability  to  predict  the  vibrations 
of  cylinders. 


76-1930 

Nonlinear  Vibration  of  Cable  Truant* 

S.H.  Mote 

Ph.D.  Thesis,  Illinois  Institute  of  Technology,  1975, 

62  pp 

UM  76-13,165 

Key  Words:  Cablet  (ropes).  Sustention  bridges.  Nonlinear 
response 

This  study  concerns  the  vibration  of  cable  trusses  consisting 
of  a top  cable  curved  up,  a bottom  cable  curved  down  and 
connected  with  diagonal  members.  The  system  Is  nonlinear  In 


that  deformation  can  no  longer  be  considered  as  small  and 
mutt  be  taken  into  account  in  obtaining  final  deflect  ions  and 
stresses.  In  addition,  the  diagonals  may  be  in  and  out  of 
action  during  vibration. 


76-1931 

Phenomenological  Investigation  of  the  Resonance 
Effects  on  the  Torsional  Vibration  Mode  of  a Cable 
Boom 

D.  Wyn-Robers  and  I.  McVicar 
Electronics  and  Space  Systems  Group,  British  Air- 
craft Corp.,  (Operating)  Ltd.,  Bristol,  England,  Rept. 
No.  ESS/SS-415;  ESA-CR(P)-230, 141  pp  (Dec  1972) 
N76-22551 

Key  Words:  Cables  (ropes).  Spacecraft  equipment.  Equip- 
ment mounts.  Torsional  vibration 

The  purpose  of  the  investigation  was  to  examine  the  behavior 
of  a variety  of  cable  booms  under  the  influence  of  mechani- 
cal and  thermal  excitation,  for  application  to  the  GEOS 
satellite  at  supports  for  equipment  sensors.  The  behavior  of 
the  cable  under  various  conditions  was  investigated.  Res- 
onance modes  were  dearly  identified  with  large  amplitude 
magnification  occurring  for  both  torsion  and  lateral  reso- 
nance conditions.  Oscillating  heating  alone  did  not  cause  any 
movements  of  the  cable  even  when  induced  in  resonant 
frequencies.  Reducing  the  tip  inertia  of  the  cable  caused  an 
expected  increase  in  torsion  resonance  frequencies.  A number 
of  cases  were  highlighted  where  cross-coupling  between 
lateral  end  torsion  modes  occurred. 


BEARINGS 

(Also  see  No.  1899) 


76-1932 

Bending  Stresses  in  Spherically  Hollow  Ball  Bearing 
and  Fatigue  Experiment! 

L.J.  Nypan,  H.H.  Coe  and  R.J.  Parker 

California  State  Univ.,  Northridge,  CA..  J.  Lubric. 

Tech.,  Trans.  ASME.  98  (3).  pp  472-475  (July  1976) 

5 figs,  1 1 refs 

ASME  Paper  No.  75-Lub-8 

Key  Words:  Ball  bearings.  Fatigue  tests 

Spherically  hollow  balls  of  21.7,  SOjO  and  66.5  percent  mass 
reduction  have  bean  operated  In  ball  bearings  and  in  a 6-bell 
fatigue  teeter  with  differing  outcomes.  Available  theoretical 
and  experimental  treatments  of  stresses  in  spherically  hollow 
balls  are  reviewed  and  compered.  Banding  stresses  are  esti- 
mated for  these  spherically  hollow  balls  to  batter  understand 
the  differences  In  ball  bearing  and  fatigue  test  experience. 
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76-1933 

Prediction  of  Rolling  Contact  Fatigue  Life  in  Con- 
taminated Lubricant:  Part  II  • experimental 

T.E.  Tallian 

Technology  Services.  SKF  Industries,  Inc.,  King  of 
Prussia.  PA.,  J.  Lubric.  Tech.,  Trans.  ASME,  98  (3), 
pp  384-392  (July  1976)  1 1 figs.  16  refs 
Sponsored  by  the  U.S.  Navy,  Air  Engineering  Center, 
Philadelphia.  PA 

Kay  Wordi:  Ball  bearings.  Lubrication.  Fatigue  life 

In  this  second  part  of  a two-part  paper,  experimental  fatigue 
life  data  on  ball  bearings  operated  under  different  lubrication 
conditions  era  correlated  to  surface  damage  densities  of  life 
tested  ball  bearing  inner  rings,  as  determined  by  scanning 
electron  microscopy.  In  Part  I,  five  cases  of  a mathematical 
model  for  the  prediction  of  fatigue  life  in  contaminated 
bearings  were  presented.  The  models  are  fitted  to  the  experi- 
mental data  given  in  the  present  Part  II.  The  correlation 
coefficient  of  experimental  Lio  life  with  modal  Case  II 
predictions,  based  on  observed  defect  densities,  is  of  the 
order  of  0.99  and  highly  significant  for  most  test  groups.  One 
grease  lubricated  group  requires  fitting  by  model  Cate  III. 
Predicted  life  dispersion  exponents  are  too  high  compared  to 
experiment.  General  data  on  lubricant  contaminant  densities 
diow  a sufficiency  of  particles  to  cause  the  observed  surface 
damage,  but  tend  to  overpredict  damage  on  the  basis  of  the 
simple  particle  transport  model  used.  The  principal  useful- 
ness of  the  model  in  its  present  form  is  as  a tool  for  the 
interpretation  of  the  influence  on  fatigue  life  of  surface 
damage  acquired  in  service. 


surface  are  considered  in  the  load-deftection  equations. 
Results  are  obtained  for  a wide  range  of  operating  para- 
meters. 
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76-1935 

Vibration  Modes  of  Mistuned  Bladed  Disks 

D.J.  Ewins 

Imperial  College  of  Science  & Technology,  London, 
SW7  2BX,  England,  J.  Engr.  Power,  Trans.  ASME, 
98  (3).  pp  349-355  (July  1976)  4 figs,  6 refs 
ASME  Paper  No.  75-GT-114 


Key  Words:  Vibration  measurement,  Blades,  Disks,  Turbo- 
machinery 

A comprehensive  experimental  and  theoretical  investigation 
it  reported  with  the  object  of  resolving  the  uncertainties 
surrounding  the  effects  of  blade  mittuning.  A special  experi- 
mental facility  hat  been  designed  and  built  with  which  it  It 
possible  to  measure  bladed  disk  vibration  under  conditions  of 
rotation  and  excitation  which  simulate  closely  those  exper- 
ienced in  a turbomachine.  The  bladed  disk  tettpiecet  have 
been  specially  designed  and  manufactured  so  that  they  may 
be  very  precisely  tuned  (or  mistuned),  and  the  whole  appar- 
atus has  been  designed  to  afford  the  maximum  degree  of 
control  over  ail  the  relevant  conditions.  This  paper  describes 
a set  of  measurements  and  corresponding  calculations  of  the 
many  complex  vibration  modes  possessed  by  a bladed  disk 
when  the  blades  are  slightly  mistuned. 


76-1934 

A Theoretical  Investigation  of  the  Multileaf  Journal 
Bearing 

K.P.  Oh  and  S.M.  Rohde 

Research  Laboratories.  General  Motors  Corp.,  War- 
ren, Ml.,  J.  Appl.  Mech.,  Trans.  ASME,  43  (2),  pp 
237-242  (June  1976)  6 figs,  1 1 refs 

Key  Words:  Journal  bearings.  Lubrication,  Finite  element 
technique 

The  finite-element  method  is  used  to  solve  the  compressible 
Reynolds  equation  which  governs  the  fluid  flow  between  the 
journal  surface  end  the  leaves  in  e multileaf  journal  bearing. 
The  solution  obtained  is  then  coupled  with  the  load-deflec- 
tion equations  of  the  leaves  to  obtain  such  information  as 
liftoff  speed  end  minimum  film  thickness.  In  addition,  the 
load-deft  act  Ion  equations  yield  the  Initial  preload  on  the 
journal,  the  startup  torque,  the  stiffness  coefficients,  and  the 
equivalent  damping  coefficients.  Such  details  as  leaf  curva- 
ture, friction  between  leaves,  and  between  leaves  and  journal 


76-1936 

Vibration  Characteristics  of  Composite  Fan  Blades 
and  Comparison  with  Measured  Data 

C.C.  Chamis 

NASA,  Lewis  Research  Ctr.,  Cleveland,  OH.,  Rept. 
No.  NASA-TM-X-71893,  12  pp  (1976)  (presented  at 
17th  Struct.,  Structural  Dyn.  and  Mater.  Conf., 
King  of  Prussia,  PA.,  5-7  May  76;  sponsored  by  Am. 
Inst,  of  Aeron.  and  Astronautics,  Am.  Soc.  of  Mech. 
Engr.,  and  Soc.  of  Autom.  Engr.) 

N76-21589 

Key  Words:  Blades,  Fens,  Vibration  response.  Computer 

programs 
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The  vibration  character  into  of  a composite  fan  blade  for 
high-tip-tpaed  application!  were  datarminad  thaoratically  and 
tha  result!  oomparad  with  maaaurad  data.  Tha  thaoraticai 
results  wara  obtainad  uting  a computerized  capability  confla- 
ting of  NASTRAN  couplad  with  composite  machanici  by 
way  of  pra-  and  postprocessors  Tha  predict  ad  vibration 
frequencies  and  moda  dispet  wara  in  raaaonabla  agraamant 
with  tha  meamrad  data.  Thaoraticai  raaultt  diowad  that 
diffarant  lamlnata  configuration!  from  tha  aama  compotita 
ayttam  had  only  amail  affacta  on  the  blade  frequency.  How- 
ever, tha  uaa  of  adhaaivefy  bonded  titanium/baryllium 
laminar  com  poll  tea  may  improve  conaidarabiy  tha  blade 
vibration  characteristics 


76-1937 

Transonic  Flow  Analysis  in  Axial-Flow  Turboma- 
chinery  Cascade*  by  a Time-Dependent  Method  of 
Characteristics 

R.A.  Delaney  and  P.  Kavanagh 

Dept,  of  Mechanical  Engineering  and  Engineering 

Research  Inst  , Iowa  State  Univ.,  Ames,  IA.,  J.  Engr 

Power.  Trans.  ASME,  98  (3).  pp  356-363  (July  1976) 

14  figs.  8 refs 

ASME  Paper  No.  75-GT-8 

Kay  Words:  Turbomachinery,  Blsdss  Aerodynamic  charac- 
tertstica.  Method  of  character  let  let 

Solutions  for  tranaonic  flow  in  rawed—  are  datarminad  by  a 
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state  solutions  computed  at  the  asymptotic  limit  in  time  of 
transient  solutions.  Two  turbine  cascade  cases  are  presented. 
Tha  first  involves  subsonic  flow  throughout  tha  cascade;  tha 
second  involves  subsonic  inlet  and  discharge  flows  with  tran- 
sonic flow  over  a portion  of  the  cascade  passage.  In  both 
cases,  die  computed  results  for  blade  surface  pressure  dis- 
tribution are  compared  with  experimental  data.  Generally 
good  agreement  Is  diown. 


CYLINDERS 


76-1938 

Vortex  Shedding  From  a Cylinder  Vibrate*  in  Una 
with  an  Incident  Uniform  Flow 

O.M.  Griffin  and  S.E.  Ramberg 
Naval  Research  Laboratory,  Washington,  D.C.,  20375 
J.  Fluid  Mech..  25  (2),  PP  257-271  (May  27.  1976) 
10  figs,  20  refs 


Kay  Words:  Cylinders,  Vortex  diadding 

A study  has  bean  made  of  tha  wake  of  a cylinder  vibrating  in 
Una  with  an  incident  steady  flow.  The  Reynolds  number  for 
tha  experiments  was  190,  and  tha  vortex  diadding  wet  at  all 
timet  synchronised  with  the  vibrations  of  the  cylinder,  which 
were  in  a range  of  frequencies  near  twice  the  Strouhal  died- 
ding  frequency  for  the  stationary  cylinder. 


76-1939 

Vibrations  of  a Row  of  Circular  Cylinders  in  a Liquid 

S.S.  Chen 

Argonne  National  Lab.,  Argonne,  IL..  Rept.  No. 
ANL-CT-75-34, 41  pp  (Apr  1975) 

N 7 6-22498 

Kay  Words:  Cylinders,  Fluid-Induced  excitation.  Periodic 
rstponsa.  Harmonic  excitation.  Heat  ax  changers 

The  affects  of  interaction  with  surrounding  liquid  on  the 
dynamic  behavior  of  a row  of  circular  cylinders  are  studied 
analytically.  First,  tha  hydrodynamic  forest  associated  with 
cylinder  motions  are  obtained  uting  tha  potential  flow 
theory.  Than,  a method  of  solution  it  presented  for  free 
vibration  of  a row  of  cylinders.  Finally,  steady  state  re- 
menses  to  harmonic  excitations  are  presented.  The  results  of 
the  study  have  important  application  in  tha  modeling  of 
cross  flow-induced  vfcration  of  hast  exchanger  tubas. 


76-1940 

Base  Pressure  of  Oae  Hating  Circular  Cylinders 

P.K.  Stansby 

Civil  Engrg.  Dept.,  Univ.  of  Salford.  Salford,  England, 
ASCE  J.  Engr.  Mech.  Div.,  102  (EM4),  pp  591-600 
(Aug  1976)  6 figs,  1 1 refs 

Kay  Words:  Cylinders,  Vortex-Induced  vibration 

Experiments  have  bean  made  to  Investigate  the  bass  pressure 
coefficients  of  circular  cylinders  oscillating  transversely  in  a 
stream  for  a wide  range  of  cylinder  amplitudes  and  frequen- 
cies This  is  thought  to  give  a good  indication  of  tha  variation 
in  drag  coefficient.  Tha  locking-on  of  vortex  shedding  at  tha 
tyllndw  frequency,  mociittd  with  vortex-induced  vibre* 
ttone,  seas  carefully  studied.  Locking-on  at  a third  of  tha 
cyflndsr  frequency  woe  found  to  produce  especially  low  bats 
pressures,  la,  high  drags 
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76-1941 

Design  of  Optimum  Acoustic  Treatment  for  Rectan- 
gular Ducts  with  Flow 

R E.  Motsinger.  R.E.  Kraft  and  J.W.  Zwick 
General  Electric  Co.,  Evendale,  OH.,  ASME  Paper 
No.  76-GT-113 

Ksy  Words:  Ducts,  Racttngular  bodies,  Optimization, 

Acoustic  properties.  Modal  analysis 

A design  optimization  technique  for  acoustic  treatment  in 
rectangular  ducts  with  uniform  mean  flow  is  presented.  The 
technique  it  bated  on  the  acoustic  wave  solution  in  terms  of 
series  of  characteristic  duct  modes.  The  analysis  allows 
multiple  axial  treatment  sections  along  the  length  of  the  duct 
end  requires  a known  modal  characterization  of  the  sound 
source.  Conditions  of  acoustic  pressure  and  acoustic  velocity 
continuity  are  used  to  match  modal  solutions  at  planes  of 
impedance  discontinuity  in  the  duct.  Experimental  tech- 
niques for  obtaining  this  modal  characterization  are  pre- 
sented. 

76-1942 

Experimental- Analytical  Correlation  of  Optimum 
Duet  Acoustic  Liner  Performance 

J.D.  Patterson,  D.T.  Sawdy  and  R.J.  Beckemeyer 
The  Boeing  Co.,  Wichita,  KS.,  ASME  Paper  No. 
76-GT-126 

Kay  Words:  Ducts,  Rectangular  bodies.  Acoustic  linings 

Mode  matching  and  segmented  duct  analytical  models  have 
been  developed  to  take  advantage  of  relative  placement  of 
liner  segments  in  the  design  of  optimal  duct  acoustic  liners  of 
one,  two,  and  three  segments.  This  paper  presents  experimen- 
tal results  which  ware  obtained  for  liners  installed  in  a rec- 
tangular duct  for  the  case  with  no  mean  airflow  through  the 
duct.  Excellent  correlation  is  mown  between  the  analytical 
and  experimental  data,  thus  verifying  the  analytical  pro- 
cedures used  to  design  the  optimum  segmented  lining  con- 
figurations. 


Key  Words:  Noise  reduction.  Acoustic  linings.  Ducts,  Rec- 
tangular bodies.  Mathematical  models 

Results  are  presented  from  detailed  analytical  studies  made 
to  define  methods  for  obtaining  improved  multisegment 
lining  performance  by  taking  advantage  of  relative  placement 
of  each  lining  segment.  Proparly  phased  liner  segments 
reflect  and  spatially  redistribute  the  incident  acoustic  energy 
and  thus  provide  additional  attenuation.  A mathematical 
modal  was  developed  for  rectangular  ducts  with  uniform 
mean  flow.  Segmented  acoustic  fields  were  represented  by 
duct  eigenfunction  expansions,  and  mode-matching  was  used 
to  ensure  continuity  of  the  total  field.  Parametric  studies 
were  performed  to  identify  ettenuation  mechanisms  and 
define  preliminary  liner  configurations.  An  optimization 
procedure  was  used  to  determine  optimum  liner  impedance 
values  for  a given  total  lining  length,  Mach  number,  and 
incident  modal  distribution. 


76-1944 

Acoustic  Liner  Optimum  Impedance  for  Spinning 
Modes  with  Cut-Off  Ratio  as  the  Design  Criterion 

E.J.  Rice 

NASA  Lewis  Research  Ctr.,  Cleveland,  OH.,  Rept. 
No.  NASA-TM-X-7341 1;  E-8741.  11  pp  (1976) 
N76-23943 

Key  Words:  Acoustic  linings.  Acoustic  impedance.  Design 

techniques 

A new  acoustic  liner  design  procedure  bated  upon  model 
cut-off  ratio  is  outlined.  Proposed  experiments  to  substan- 
tiate this  design  procedure  are  outlined. 


76-1945 

A Theoretical  and  Experimental  Study  of  the  Genera- 
tion and  Reduction  of  Multipie  Higher-Order  Modes 
in  a Hard -Walled,  Aneehoicaly-Teiminated  Cylindri- 
cal Duct 

M.J.  Oslac 

Ph.D.  Thesis,  The  Pennsylvania  State  Univ.,  1975, 
197  pp 

UM  76-18.388 
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Analytical  and  Experimental  Studies  of  an  Optimum 
Muitisegment  Phased  Liner  Noise  Suppression  Con- 
cept 

D.T.  Sawdy,  R.J.  Beckemeyer  and  J.D.  Patterson 
Boeing  Co.,  Wichita,  KS.,  Rept.  No.  NASA-CR- 
134960;  D3-9812-1. 128  pp  (May  1976) 

N76-22976 


Ksy  Words:  Ducts,  Cylindrical  bod  1st,  Noise  reduction. 

Acoustic  linings 

While  significant  strides  have  bean  made  in  the  reduction  of 
no  lee  from  turbomachinary,  fans/com  pr  assort,  and  from  air- 
moving  systems  In  general,  there  is  still  a need  for  ongoing 
fundamental  research  to  optimize  the  performance  of  present 
technology  and  devise  nmv  methods  of  noise  reduction.  This 
thesis  responds  to  those  needs  by  presenting  a method 
whereby  acoustic  duct  liners  can  be  investigated  in  terms  of 
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their  optimiiation  and  by  developing  the  fundamentals  for 
ffia  active  notea  reduction  technique  of  phaaad  cancellation. 
Tha  optimiiation  of  acouMic  duct  I inart  can  ba  perform  td  by 
ut filiation  of  tha  Spinning  Mode  Synth atiiar  (SMS)  originally 
developed  at  Tha  Pennaylvenia  State  Univartity't  Nolle 
Control  Laboratory  and  expanded  on.  In  tarmt  of  ht  «>pl  ica- 
tion  to  in-duct  tailing,  in  thte  thetit.  The  SMS  it  a control- 
lable device  whereby  tingle,  multiple  and/or  combination!  of 
higher  order  duct  model  can  ba  generated  and  propagated  in 
cylindrical  duett.  Tha  results  prevented  in  thit  thetit  dtow 
excellent  agreement  with  theoretical  prediction!. 


PIPES  AND  TUBES 


76-1946 

Dynamic  Characteristic*  of  an  Underwater  Pipeline 

A.R.  Desai 

Ph.D.  Thesis,  Texas  A&M  Univ.,  1975,  114  pp 
UM  76-17,352 

Kay  Words:  Pipelines.  Underwater  pipelines 

The  current  upsurge  in  off  dr  ore  drilling  for  oi  and  gas  and 
new  deep  water  terminals  for  tha  supertankers  has  created 
a demand  for  deap  water  pipelines.  These  pipelines  are  being 
laid  in  deeper  and  more  hoitle  waters  than  aver  before.  This 
study  represents  a novel  approach  with  wida  band  random 
excitation  being  applied  to  the  pipe  model  through  inertial 
coupling.  This  rspratsnti  an  Improvement  over  the  conven- 
tional harmonic  excitation  applied  at  reduced  Reynolds 
numbers.  Tha  analytical  modal  results  in  a simple  solution  tar 
the  mean  square  response.  The  solution  is  In  excellent  agree- 
ment with  tha  experimental  results.  Finally,  two  areas  of 
further  reward)  are  Identified.  These  include  the  linearised 
model  for  fluid  damping  and  tha  measurement  of  actual 
prototype  excitation  spectra. 
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As  Experimental  Investigation  of  Ike  Wal  Pimm 
Fluctuations  in  Piping  Containing  Simple  Control 
Devieea 

A.V.  Karvetis 

Ph.D.  Thesis,  The  Pennsylvania  State  Univ.,  1975, 
273  pp 

UM  76-18,384 

Keywords:  Pipes  (tubes).  Sound  transmleeion 

An  experimental  Investigation  of  the  meN  premise  field 
cn  Bract  or  Ml  let  Msocwtvo  witn  mvotm  control  qcvicsi  is 
raportad.  Tha  Invaatlgatlon  wee  conducted  using  a 3.01  Inch 
inside  diameter  pipe  containing  several  control  Ah  rottfing 
devices  using  air  as  tha  working  fluid  and  operating  move 


critical  pressure  drop.  Crosa-correlations  and  narrow  band 
spectrum  levels  ware  measured  using  several  fludt  mounted 
wall  pressure  transducers  located  upstream  and  downstream 
of  tha  devices.  A theory  is  presented  which  relates  tha 
filtered  cross  covariance  obtained  from  two  wall  pressure 
transducers  to  the  trua  sound  power  generated  by  tha  device. 
This  theory,  which  is  bated  on  the  space-time  correlation 
propartiee  of  one  dimensional  random  acoustic  fields,  is 
verified  by  experiment. 

PLATES  AND  SHELLS 


76-1948 

Natural  Frequencies  of  Rectangular  Flat  Plates  with 
Various  Edge  Conditions 

Engineering  Sciences  Data  Unit,  London,  England, 
Rept.  No.  ESDU-75030,  52  pp  (Nov  1975)  (super- 
sedes ESDU-66019) 

Availability.  NTIS,  Attn.  ESDU,  Springfield,  VA 
N76-21584 

Kay  Words:  Rectangular  plates.  Natural  frequencies 

Thte  report  presents  data  in  graphical  form  for  calculating 
tha  natural  frequence  M flat  isotropic  rectangular  plates  for 
modes  up  to  at  least  (3.1)  and  (1.3).  It  covers  all  tha  36 
possible  combinations  of  free,  abnply-aupported  and  damped 
edge  conditions,  and  a method  is  provided  to  allow  tha  esti- 
mation of  natural  frequencies  of  plates  under  tha  action  of 
uniform  biaxial  In  plana  load*.  Each  combination  of  edge 
conditions  is  dealt  with  on  a tends  graph  which  presents  a 
noo-dkneneional  frequency  coefficient  ndtich  avoids  either 
very  large  or  vary  anaM  values.  Tha  report  covan  any  reqtect 
ratio  and  so  allows  the  natural  frequencies  of  beams  to  be 
estimated  within  certain  stated  limitations.  Tha  data  are 
presented  tar  tha  commonly  used  engineering  materials 
which  hove  a Poisson's  ratio  of  0J  and  guidance  Is  provided 
on  tha  effect  of  departure  tram  thte  value  in  other  materteie. 
An  appendix  to  tha  report  provides  approximate  data  for 
calculating  budding  etr eases  under  biaxial  loading  tor  plates 
with  most  of  the  possible  oombinetlooi  of  edge  conditions. 
These  budding  loads  arc  required  to  estimate  tha  affect  of  in- 
rdteM  loadina  on  natural  f raraionrlra 

wrateettqj  epee  - ^anr - rr 
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The  Flexural  Vibratiotes  ol  > Liae-Stiffewed  Plate 
with  Fluid  Loadmg 
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Inst,  of  Sound  and  Vibration  Res.,  Southampton 
Univ.,  England,  Rept.  No.  ISVR-TR-74,  87  pp 
(Feb  1975) 
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Key  Words:  Plata*,  Flexural  vibrations,  Fluid-induced 

excitation.  Stiffened  plates,  Computer  program* 

Various  approaches  to  the  problem  of  wave  propagation  on  a 
fluid  loaded  plat*  bearing  stiffening  beams  are  presented. 
The  vibrations  of  an  infinite  fluid  loaded  plats  bearing  a 
finite  number  of  parallel  line  stiffeners  mere  calculated. 


76-1950 

Vibration  and  Sound  Radiation  of  a Plate 

R.J.  Hannon 

Ph  D.  Thesis,  The  Pennsylvania  State  Univ.,  1975, 
117  PP 

UM  76-17, 172 

Key  Words:  Plates,  Vibrating  structures.  Noise  source 

identification 

Because  of  their  many  vibratory  resonances,  pistes  are 
mechanically  soft  and  their  au^nding  structures  have  a 
considerable  effect  on  their  vibration  and  sound  radiation. 
Experimental  evaluation  of  acoustic  properties  of  plates  is 
therefore  difficult.  Plate*  of  different  dvspes  and  dimension* 
were  supported  in  such  a way  at  to  eliminate  effects  of  the 
support  on  the  vibration,  and  the  velocity  ant  'itudet  due  to 
point  forces  were  recorded  by  phonograph  cartridge  and 
microphones  in  the  near  sound  fWd. 


76-1951 

A Finite  Element  Method  for  the  Free  Vibration  of 
Plate*  ABowing  for  Transverse  Shear  Deformation 

T.A.  Rock  and  E.  Hinton 

Dept,  of  Civil  Engrg.,  Univ.  of  Wales,  Singleton  Park, 
Swansea  SA28PP,  Wales,  Computers  and  Struc.,  6 
(1  >.  pp  37-44  (Feb  1976)  4 figs,  25  refs 

Key  Words:  Plates,  Free  vibration,  Transverse  shear  deforms- 
tlon  effects.  Finite  element  technique 

An  iiopfmitrtc  quadrilitml  ptotc  binding  rimmt  it 
introduced  and  Its  us*  for  the  free  vibration  analyst*  of  both 
thick  and  thin  plat**  is  examined.  Plates  of  rectangular  plan- 
form  and  of  orthotropic  materials  ara  analyzed  and  excellent 
results  are  obtained.  The  element  performance  I*  assessed  by 
eompiriton  with  will  tfttMWnd  mstytict  md  numcrW 
solution*  based  on  MindMn’s  thick  plat*  theory,  three  dimen- 
sional elasticity  solutions  end  solution*  baaed  on  thin  plat* 
dieory.  The  ease  with  which  the  element  may  be  Imple- 
mented is  stressed.  The  us*  of  an  elgenualue  economizer 
which  produces  consldereble  economy  in  the  computer  solu- 
tion Is  demonstrated.  Various  mass  lumping  schemes  and 
numerical  integration  rules  used  in  the  construction  of  the 
element  mass  matrix  are  also  examined. 


76-1952 

Mode  Approximation  Technique  Applied  to  Finite 
Deflections  of  an  Impulsively  Loaded  Viscoptastk 
Plate 

C.T.  Chon  and  P.S.  Symonds 

Dept,  of  Engrg.,  Brown  Univ.,  Providence,  Rl.,  Rept. 
No.  TR-1,45  pp  (Nov  1975) 

AD-A024  862/5GA 

Key  Words:  Plates,  Viscoplastic  properties.  Sandwich  struc- 
tures, Modal  analysis 

The  extension  of  the  ‘mod*  approximation'  technique  to 
finite  deflections  Is  illustrated  in  this  paper  by  application  to 
a fully  clamped  plate  which  is  impulsively  loaded  and  whose 
material  exhibits  rig  id -perfectly  plastic  or  viscoplastic  be- 
havior. Deflections  up  to  about  ten  plat*  thicknesses  are 
treated.  The  approximation  technique  requires  finding 
'instantaneous  mode'  form  solutions  at  a sequence  of  times, 
satisfying  the  current  equations  of  material  behavior,  edge 
constraint,  and  dynamics  including  finite  deflections  terms. 
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Wave  Propagation  in  the  Linear  Theory  of  Elastic 
Shell* 

H.  Cohen 

Dept,  of  Civil  Engrg.,  Univ.  of  Manitoba,  Winnipeg, 
Manitoba,  Canada,  J.  Appl.  Mech.,  Trans.  ASME, 
43  (2),  pp  281  -285  (June  1976)  8 refs 
Sponsored  by  the  National  Res.  Council  of  Canada 

Key  Words:  Shells,  Plates,  Shock  wav*  propagation.  Elastic 
properties.  Linear  theories 

The  problem  of  wave  propagation  in  elastic  Mis  within 
the  framework  of  a linear  theory  of  a Co  see  ret  surface  is 
treated  using  the  method  of  singular  wave  curves.  The  equa- 
tion* for  determining  the  speeds  of  propagation  and  their 
associated  wave  mod*  diapes  are  obtained  in  a form  involving 
the  speeds  of  propagation  in  Co  see  ret  pistes  and  the  curva- 
ture of  the  dieil.  A number  of  special  case*  in  which  the 
speed*  and  mod*  diapes  simplify  are  considered.  In  particu- 
lar, these  special  cease  are  shown  to  Include  as  examples, 
oertein  systems  of  waves  in  elastic  did  Is  whose  middle 
surface*  are  the  surface  of  revolution,  the  circular  cylinder, 
the  sphere,  and  the  right  helicoid. 
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NoaUaear  Vibration  aad  Flatter  of  Stressed  Skew 
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P S.  Nair  and  S Durvasula 

Dept  of  Aaron.  Engrg.,  Indian  Inst,  of  Science, 
Bangalore,  India,  Rapt.  No.  AE-331S-Rev;  AE-313S, 
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N76-22585 

Kay  Word*:  Pends,  Skaw  plates.  Flutter 

Von  Karman  plate  aquations  are  used  to  study  the  influence 
of  nonlinearity  on  the  period  of  vibration  in  unstressed  and 
strewed  skew  plates.  The  aquations  of  motion  for  flutter 
derived  through  Lagrange's  aquations  are  solved  by  an  analog 
computer  and  also  by  direct  numerical  integration.  The 
nature  of  flutter  motion  of  buckled  and  unbuckled  panels 
and  the  transitions  from  the  buckled  stable  to  flat  stable 
configurations  with  increasing  dynamic  pressure  are  dis- 
cussed. The  influence  of  the  aerodynamic  damping  term  on 
the  dynamic  pressure  parameter  h alio  examined. 


76-1955 

Oa  the  Large- Deformation  Theory  of  Fluid-Filed 
Shale  of  Revolution 

A.E.  Engin 

Dept,  of  Engrg.  Mech.,  The  Ohio  State  Univ.,  Colum- 
bus, OH.,  Shock  and  Vibration  Digest,  jl  (8),  pp 
35-47  (Aug  1976)  3 figs,  20  refs 


A theory  is  derived  for  calculation  of  the  influence  of  clastic 
edge  restraints  on  tha  vibrations  and  buckling  of  stiffened 
cylindrical  dtdls.  Tha  stiffeners  are  considered  "smeared" 
and  the  edge  restraints  can  be  axial,  radial,  circumferential  or 
rotational.  Extensive  computations  are  performed  for  special 
kinds  of  stringar-stiffanad  shells,  and  tha  theoretical  predic- 
tions are  compared  with  experimental  results.  A method  of 
definition  of  equivalent  elastically  restrained  boundary  condi- 
tions by  usa  of  vibration  tests  is  discussed.  Application  of 
this  technique  to  tests  on  10  dtdls  significantly  reduces  tha 
scatter  in  the  ratio  of  experimental  to  predicted  buckling 
loads. 


RINGS 
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Vibration  of  Heterogeneous  Mechanical  Systems 

B.  Dizioglu 

Progress  Repts.  of  VDI  (Fortschritt-Berichte  der 
VDI  Zeitungen)  Series  11,  No.  24,  80  pp  (1976) 
9 figs  (Summarized  in  VDI-Z  118  (12)  June  1976) 
Availability:  VDI  Verlag  GmbH,  4 Dusseldorf  1, 
Postfach  1139,  Germany 

Kay  Words:  Forced  vibration.  Free  vibration.  Mechanical 

systems.  Bars 


Kay  Words:  Shells  of  revolution.  Fluid  filled  containers 

This  paper  Is  concerned  with  the  dynamic  analytes  of  fluid- 
filed  dislls  of  revolution.  The  diellt  can  experience  large 
displacements  and  rotations.  They  are  membrane  sheila  and 
can  be  subjected  to  general  axisymmetric  loads  of  consider- 
able magnitude.  Linear  shell  theory  can  be  used  only  within 
s limited  range  of  loading,  but  numerical  values  era  in  good 
agreement  with  experimental  results  for  most  engineering 
applications.  The  purpose  of  this  paper  it  to  develop  a formu- 
lation of  the  theory  that  is  applicable  to  biological  systems 
composed  of  fluld-fRIed  membranes.  In  which  can  occur  large 
displacements,  rotations  and  large  elastic  strains. 
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VAratioes  and  Backling  of  AxiaRy  Loaded  Stiffened 
Cylindrical  Shale  with  Elastic  Reetr  mints 

A.  Ro*en  and  J.  Singer 

Dept,  of  Aeronautical  Engrg.  Technion-lsrae!  Inst,  of 
Technology,  Haifa,  Israel,  Inti.  J.  Solids  Struc.,  12 
(8),  pp  577-688  (1976)  5 figs,  37  refs 
Sponsored  by  the  Air  Force  Office  of  Scientific  Res. 

Key  Words:  Cylindrical  dsaila.  Edge  effect 


In  the  report  free  and  forced  vibrations  of  a mechanical 
system  are  examined  in  detail.  The  system  consists  of  a bar 
with  one  end  fixed  and  a string  attached  to  its  free  end  and 
maintained  under  tension  In  the  direction  of  squ librium 
position  of  the  bar  at  its  second  fixed  point.  Special  cates  of 
the  rystsm  with  variable  man  and  density  are  dlKutsed  in 
particular  detail. 


STRUCTURAL 
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A Survey  of  the  Optimal  Design  of  Vibratiug  Struc- 
tural Elements.  Part  1:  Theory 

N.  Olhoff 

Dept,  of  Solid  Mech.,  The  Technical  University  of 
Denmark,  Lyngby,  Denmark,  Shock  and  Vibration 
Digest, jl  (8),  pp  3-10  (Aug  1976)  61  refs 

Key  Words:  Optimum  design.  Structural  el  aments.  Free 

vibration.  Variational  methods 

This  paper  utiveyt  the  optimal  design  of  eiaatic  structural 
dements  undergoing  free  v brat  ions.  The  unified  variational 
technique  Is  used  to  minim  Us  the  materiel  volume  of  a one- 
or  two-dimensional  continuous  dement  with  a specific 
ncturd  frequency. 
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SYSTEMS 


attenuator  are  detailed.  Maaauring  equipment  and  manuring 
reeultl  are  discusser!;  it  it  concluded  that  the  level  of  attenua- 
tion reached  «vMI  probabiy  be  sufficient. 


NOISE  REDUCTION 

(Also  tee  Noi  1886.  1912.  1943.  1976.  1980.  1981, 
1983.  1984.  2006.  2007.  2012) 
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Manlabs,  Inc..  Cambridge,  MA.,  Rept.  No.  AMMRC- 

CTR-76-3.  52  pp  (Jan  1976) 
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Coupling  of  Hehnbolts  Resonators  to  Improve 
Acoustic  Linen  for  Turbofan  Engines  at  Low  Fre- 
quency 

L.W.  Dean 

Pratt  and  Whitney  Aircraft,  East  Hartford,  CT., 
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Kay  Words:  Acoustic  linings.  Fans,  Turbine  components. 

Noise  reduction 


Key  Words:  Acoustic  ebeorption.  Noise  reduction,  Vibration 
isolators 

Efforts  have  been  directed  toward  achieving  higher  yield 
strengths  in  high  damping  cobalt- iron  base  alloys  by  adding 
nicks!,  aluminum  and  manganass.  Substantial  increases  have 
been  achieved  through  aluminum  and  manganese  additions 
at  low  levels.  The  range  of  loss  factors  and  yield  strengths 
which  are  attainable  exceed  currently  available  commercial 
materials.  The  effects  of  alloying  additions  of  iron  and 
manganese  as  well  as  reduction  in  grain  size  are  being  inves- 
tigated as  a means  for  reducing  the  brittleness  of  copper- 
akimlnum-nickel  alloys  which  exhibit  thermoelattic  marten- 
sitic transformations.  These  transformations  provide  high 
damping  characteristics  and  high  loss  factors. 
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Souad  Attenuator  for  DO  27 

K.  Seifert 

Deutsche  Forschungs-  und  Versuchsanstalt  fuer 
Luft-  und  Raumfahrt,  Zentralabteilung  Luftfahrt- 
technik,  Oberpfaffenhofen,  West  Germany,  Rept.  No. 
DLR-IB-555-74/4, 21  pp  (July  1974) 

(In  German) 

N76-22203 

Key  Words:  Aircraft  noise,  Noise  reduction.  Acoustic 

absorption 

Two  sound  attenuators  for  the  engine  of  the  relatively  noisy 
DO  27  H and  DO  27  A aircraft  were  constructed  and  tested 
in  an  anecholc  chamber.  The  choice  of  a combined  attenua- 
tor, consisting  of  a resonator  and  absorption  part  containing 
a pipe  lining  and  a muffler,  is  discussed  The  flight  noise  of 
the  DO  27  H is  dealt  with  and  the  dimensions  of  the  sound 


An  analytical  and  test  program  was  conducted  to  evaluate 
means  for  increasing  the  effectiveness  of  low  frequency 
sound  absorbing  liners  for  aircraft  turbine  engines.  Three 
schemes  for  coupling  low  frequency  absorber  elements  were 
considered.  These  schemes  were  analytically  modeled  and 
their  impedance  was  predicted  over  a frequency  range  of  50 
to  1,000  Hz.  The  Increased  effectiveness  of  the  coupled 
resonator  concept  for  attenuation  of  low  frequency  broad 
spectrum  noise  is  demonstrated. 
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Checklists  for  Aloag-th e-Path  Noise  Control 

V.  Salmon 

Industrial  Noise  Services,  Inc.,  543  Bryant  St.,  Palo 
Alto,  CA.,  Noise  Control  Engr.,  6>  (2),  pp  66-73 
(Mar-Apr  1976)  10  refs 

Key  Words:  Noise  reduction.  Industrial  facilities 

A series  of  ordered  checklists  concerned  with  control  of  noise 
along  paths  in  gases,  liquids,  and  solids  is  presented.  In  the 
lists,  specific  and  representative  problem  areas,  along  with 
the  appropriate  noise-control  techniques,  materials,  end 
devices  are  noted.  Although  the  approach  is  chiefly  in  terms 
of  industrial  noiaa,  the  discussion  will  apply  to  a wide  variety 
of  problems  In  many  fields.  The  lists  also  serve  two  other 
purposes:  as  a framework  to  which  noise  control  engineers 
can  add  items  from  their  own  experience;  and  as  a means  of 
revealing  gaps  in  the  armamentarium  of  tha  engineer,  where 
new  approaches,  materials,  and  devices  are  needed.  Tha 
references  provide  a general  background  with  the  emphasis 
on  practical  applications. 
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Grata  Elevator  Note  Control:  Two  Caae  Studies 

Shiner  and  Associates,  Skokie.  IL..  and  Kamperman 
Associates,  Inc.,  Downers  Grove.  IL.,  Illinois  Inst,  for 
Environmental  Quality,  Rept.  No.  IIEQ-76-02, 50  pp 
(Jan  1976) 

PB-251  655/7GA 

Key  Words:  Industrial  facilitiss.  No  is*  reduction 

Thar#  are  approximately  1,500  grain  elevators  in  Illinois.  The 
level  of  activity  associated  with  grain  elevators  during  the 
harvest  season  It  extremely  high.  This  seasonal  noise  can 
have  a significant  impact  on  the  smell  towns  which  surround 
many  grain  elevators.  These  two  studies  identify  and  measure 
the  acoustic  am  lesions  and  recommend  corrective  ections  to 
control  the  noise  associated  with  grain  elevator  operations. 


76-1964 

Commuauty  Reaction  to  Note  From  a Construction 
Site 

J.B.  Large  and  J.E.  Ludlow 

Inst,  of  Sound  and  Vibration  Res.,  The  Univ.  of 
Southampton.  Southampton  S09  5NH,  England. 
Noise  Control  Engr.,  6 (2),  pp  59-65  (Mar-Apr  1976) 
6 figs,  6 refs 

Key  Words:  Noise  generation.  Construction  industry.  Human 
response 

Reactions  to  noise  from  construction  road  traffic,  and  other 
sources  are  compared  in  terms  of  annoyance  and  other 
altitudinal  factors  due  to  exposure.  The  actual  execution  of 
the  survey  is  described  fully  elsewhere  but  is  described 
briefly  here  since  it  represents  a novel  and  particularly 
economic  means  of  gathering  data  on  noise  knpect.  The 
survey  reported  here  was  carried  out  around  a tingle  road 
construction  site.  The  situation  investigated  was,  by  defini- 
tion, a special  case,  since  every  intrusion  into  a residential 
area  will  be  unique.  Nevertheless,  it  Is  suggested  that  the 
results  obtained  offer  some  insist  Into  the  effect  of  con- 
struction noise  on  a residential  community. 


AIRCRAFT 

(Also  see  Nos.  1889,  1914,  1917.  1980,  1961) 


76-1965 

Dyuasnies  and  Identification  of  Flexible  Aircraft 

W.R.  Wells 

Dept,  of  Aerospace  Engrg.,  Cincinnati  Univ.,  Cin- 
cinnati, OH.,  Rept.  No.  NASA-CR-2672,  68  pp 
(Apr  1976) 

N76-21 158 


Key  Words:  Aircraft,  Parameter  identification 

The  equations  of  motion  and  a maximum  likelihood  para- 
meter identification  formulation  are  developed  for  a flexible 
aircraft.  The  various  levels  of  approximation  associated  with 
the  modal  substitution  represantation  of  the  elastic  displace- 
ment field  are  discussed  and  illustrated  when  appropriate. 
The  necessary  extension  of  the  parameter  set  of  stability  and 
control  derivatives  due  to  the  eeroel attic  effects  it  obtained. 


76-1966 

Application  of  Optimal  Input  Synthesis  to  Aircraft 
Parameter  Identification 

N.K.  Gupta.  R.K.  Mehra  and  W.E.  Hall.  Jr. 

Systems  Control,  Inc.,  Palo  Alto,  CA.,  J.  Dyn.  Syst., 
Meas.  and  Control.  Trans.  ASME.98  (2),  pp  139-  145 
(June  1976)  6 figs,  13  refs 

Sponsored  by  NASA  and  Office  of  Naval  Research 

Key  Words:  Aircraft,  Parameter  identification.  Structural 

synthesis.  Frequency  domain 

This  paper  considers  an  application  of  he  Frequency  Domain 
Input  Synthesis  procedure  for  identifying  the  stability  and 
control  dsrivatlvet  of  an  aircraft.  In  previous  studies,  the 
input  design  has  mostly  been  carried  out  in  the  time-domain. 
However,  by  using  a frequency-domain  approach,  criteria 
that  are  not  easily  handled  by  the  time-domain  approaches 
are  utilized.  Numerical  results  are  presented  for  optimal 
elevator  deflections  to  estimate  the  longitudinal  stability  and 
control  derivatives  subject  to  root-mean  square  constraints  on 
the  input.  The  applicability  of  the  steady  state  optimal 
inputs  to  finite  duration  flight  tasting  is  reported. 


76-1967 

Aerodynamic  Symmetry  of  Aircraft  and  Guided 
Miaaies 

P.H.  Zipfel 

Air  Force  Armament  Lab.,  Eglin  Air  Force  Base,  FL., 
J.  Aircraft,  13  (7),  pp  470-475  (July  1976)  2 figs. 
5 refs 

Key  Words:  Aircraft,  Missiles,  Mathematical  modeling 

A technique  is  developed  that  takas  advantage  of  the  inherent 
conflgurationel  symmetries  of  aircraft  and  guided  missiles 
to  allminste  some  force  and  moment  derivatives.  Starting 
with  the  Principle  of  Material  Indifference,  tensor  analysis 
is  employed  to  derhre  two  simple  conditions  for  vanishing 
aerodynamic  dsrivatlvet.  The  results  apply  to  derivatives  of 
arbitrary  order,  taken  with  respect  to  linear  and  angular 
velocities,  linear  accelerations,  and  control  surface  deflec- 
tions. Two  charts  are  presented  that  sift  out  the  vanWiing 
derivatives  up  to  second  order  for  missiles  with  tetragonal 
symmetry,  and  up  to  third  order  for  aircraft  with  reflections! 
symmetry. 
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76-1968 

Dynamic  Analyst  of  Aircraft  Impact  Using  the 
Linear  EUatic  Finite  Element  Codec  FINEL,  SAP, 
and  STARDYNE 

P.  Lundsager  and  S.  Krenk 

Danish  Atomic  Energy  Commission,  Riscoe,  Rept. 
No.  RISO-M-1817, 18  pp  (Aug  28, 1975> 

N76-21596 

Kay  Words:  Aircraft,  Impact  r»*pon»e,  Computer  programs 

The  static  and  dynamic  response  of  a cylindricai/qiherical 
containment  to  a Boeing  720  impact  was  computed  using  3 
different  linear  elastic  computer  codes.  Stress  end  displace- 
ment fields  are  d\own  together  with  time  histories  for  a point 
in  the  impact  zone. 


76-1969 

Repetitive  Flatter  Calculations  in  Structural  Deaip 

R.T.  Haftka  and  E.C.  Yates,  Jr. 

III.  Inst,  of  Technology,  Chicago,  IL.,  J.  Aircraft, 
13  (7),  pp  454-461  (July  1976)  8 figs,  18  refs 
Sponsored  by  NASA 

Kay  Words:  Aircraft  vibration.  Flutter 

Some  aspects  of  efficient  modal  flutter  analysis  are  investi- 
gated for  use  in  aircraft  structural  design  which  may  involve 
many  Karatlons.  Expressions  for  the  generalized  aerodynamic 
forces  ere  derived  which  are  separated  into  mode-dependent 
and  mode-independent  parts;  this  permits  rapid  recalculation 
of  the  forces  when  the  modes  are  changed.  The  computer 
times  required  for  the  various  parts  of  a single  flutter  analysis 
are  presented  for  some  example  problems.  These  examples 
era  used  to  compare  the  efficiency  of  using  periodically 
updated  natural  vibration  modes  fixed  modes  with  resizing 
methods  that  do  not  require  the  derivative*  of  any  of  the 
flutter  parameters  with  respect  to  structural  vk  tables.  The 
main  computational  penalty  In  updating  modes  it  found  to 
be  in  the  recalculation  of  the  modes,  rather  than  in  the  calcu- 
lation of  the  generalized  aerodynamic  force*.  Flutter  calcula- 
tions also  are  examined  for  resizing  methods  that  do  require 
the  derivatives  of  the  flutter  frequency,  flutter  ipeed,  or 
flutter  altitude  with  respect  to  deeign  variables.  The  conver- 
gence of  aich  derivatives  with  increasing  number  of  modes  is 
investigated  with  the  aid  of  two  examples.  The  poor  conver- 
gence of  the  derivet  Ives  precluded  comparison  of  the  use  of 
continually  updated  vs  fixed  modes  for  resizing  methods  that 
require  such  derivatives. 


76-1970 

Flutter  of  Aay— intrit  eiy  Swept  Wu** 


T.A.  Weisshaar  and  J.B.  Crittenden 

Dept,  of  Aerospace  and  Ocean  Engrg.,  Virginia 

Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  VA., 

Rept.  No.  NASA-CR-1 46815,  32  pp  (Mar  12,  1976) 

(Backup  document  for  AIAA  Synoptic  scheduled  for 

publication  in  AIAA  Journal  in  Aug.  1976) 

N76-21164 

Key  Words:  Aircraft  wings.  Flutter 

Two  formulations  of  the  oblique  wing  flutter  problem  ere 
presented;  one  formulation  allows  only  simple  wing  banding 
deformations  and  rigid  body  roll  as  degrees  of  freedom,  while 
the  second  formuletio'i  includes  a more  complex  bending- 
torsional  deformation  together  with  the  roll  freedom.  Flutter 
is  found  to  occur  in  two  basic  modes.  The  first  mode  is 
associated  with  wing  bending-aircraft  roll  coupling  end  occurs 
at  low  values  of  reduced  frequency.  The  second  instabHity 
mode  closely  resembles  a classical  bending-torsion  wing 
flutter  event.  This  latter  mode  occurs  at  much  higher  reduced 
frequencies  then  the  first.  The  occurrence  of  the  bending- 
roll  coupling  mode  it  diown  to  lead  to  lower  flutter  speeds 
whle  the  bending-torsion  mode  is  associated  with  higher 
flutter  speeds.  The  ratio  of  the  wing  mess  moment  of  inertia 
in  roll  to  the  fuselage  roll  moment  of  inertia  is  found  to  be  a 
major  factor  in  the  determination  of  which  of  the  two 
inttablities  Is  critical. 


76-1971 

Technical  Evaluation  Report  of  AGARD  Specialists 
Meeting  on  Wing-with-Store*  Flutter 

W.J.  Mykytow 

AGARD,  Paris,  France,  Rept.  No.  AGARD-AR-96, 
ISBN-92-835-1 209-X,  13  pp  (Feb  1976)  (Meeting 
held  at  Munich,  9 Oct  1974  during  39th  Meeting  of 
Struct,  and  Mater.  Panel) 

N76-21 163 

Kay  Words;  Aircraft  wings.  Wing  stores.  Flutter 

The  carriage  of  stores  on  wings  significantly  changes  their 
dynamic  characteristics  and  often  adversely  affects  their 
flutter  properties  as  a result  of  reduced  wing  frequencies  and 
the  introduction  of  critical  frequency  ratios  together  with 
inertia,  elastic  end  aerodynamic  coupling  between  loads. 
Advene  nutter  characteristics  and  significantly  lowered 
nutter  qieeds  occur  and  theaa  restrictions  severely  constrain 
the  lead  --  altitude  performance  envelope  that  can  be 
achieved  by  an  aircraft.  The  variety  of  stores  that  can  be 
carried  on  modern  tactical  airplanes  generates  a need  to 
accurately  evaluate  the  literally  thousands  of  possible  More 
combinations  which  can  be  carried  by  such  aircraft.  Results 
are  presented  from  a conference  on  Information  and  proce- 
dures in  use  in  the  various  NATO  nations  to  solve  the  flutter 
problem*  associated  with  the  carriage  of  external  stores  on 
wings.  Nina  presentations  ware  given  and  are  aummarlzad. 
Racommandetions  concerning  poseMe  future  efforts  on  the 


76-1972 

Corapariaoa  of  Supercritical  and  Conventional  Wing 
Flutter  Charaeteriatics 

M.G.  Farmer,  P.W.  Hanson  and  E.C.  Wynne 
NASA,  Langley  Res.  Ctr.,  Langley  Station,  VA., 
Rept.  No.  NASA-TM-X-72837,  9 pp  (May  1976) 
N76-22159 

Kay  Wordt:  Aircraft  wings,  Fluttar,  Wind  tunnai  tart 

A wind-tunnel  Rudy  was  undertaken  to  directly  compare  the 
measured  flutter  boundaries  of  two  dynamically  similar 
aeroelastic  models  which  had  the  same  planform,  maximum 
thickness- to-chord  ratio,  and  as  nearly  identical  Riff  ness  and 
mass  distributions  as  possible,  with  one  wing  having  a super- 
critical airfoil  and  the  other  a conventional  airfoil.  The  con- 
sidarations  and  problems  associated  with  fluttar  tasting 
supercritical  wing  models  at  or  near  design  lift  coefficient! 
era  discussed,  and  tha  measured  transonic  boundaries  of  the 
two  wings  are  compered  with  boundaries  calculated  with  a 
subsonic  lifting  uirfaca  theory. 


76-1973 

Comments  on  Measuring  Techniques  for  Unsteady 
Derivatives 

J W.G.  VanNunen 

Fluid  Dynamics  Div.,  National  Aerospace  Lab., 
Amsterdam,  Netherlands,  Rept.  No.  NLR-MP-75020- 
lJ.8pp  (May  1975) 

N76-22171 

Kay  Words:  Aircraft,  Free  vibration.  Forced  vibration 

Soma  experimental  methods  applied  at  present  to  tha  mea- 
surements of  unsteady  derivatives  are  reviewed.  They  include 
the  forced  oacMIation  and  free  oscillation  methods  partly 
focused  on  the  analysis  of  overall  loads  and  moments  acting 
on  oscillating  aircraft  models.  Further  attention  it  paid  to  the 
measurement  of  unsteady  pressure  distribution  at  an  alterna- 
tive procedure  to  get  information  about  derivatives;  this 
technique  is  hardly  to  be  considered  at  e substitute  to  the 
previous  method,  but  may  be  suitable  in  the  development 
and  validation  of  analytical  prediction  methods. 


76-1974 

Responses  of  Smal  Rigid  Arc  raft  to  Dkeiete  and 
Continnons  Gnat  Analysis.  Phase  1.  Final  Report. 
Nov  1972 -Nov  1974 
J.  Petrakis  and  N.  Miller 

National  Aviation  Facilities  Experimental  Ctr., 
Atlantic  City,  NJ.,  Rept.  No.  AD-A020103/B;  FAA- 
RD-74-160;  FAA-NA-74-44,  121  pp  (Dec  1975) 
N76-21 191 


Key  Words:  Aircraft,  Wind-induced  excitation.  Computer 

programs 

An  evaluation  1s  made  of  methods  developed  for  sRimating 
longitudinal  and  lateral  rigid-body  responses  of  airplanes  to 
random  atmospheric  turbulence.  A computer  program, 
evolved  from  this  study,  calculates  general  aviation  aircraft 
stability  derivatives  from  known  geometric  properties  used 
as  inputs  for  the  calculation  of  aircraft  response  (also  a 
developed  part  of  the  computer  program).  It  was  found  that 
the  two  degrees-of-freedom  rigid-body  power  spectral  density 
analysis  produced  lower  normal  load  factor  responses  than  a 
similar  single  degrae-of-frsadom  analysis  for  aircraft  of  grots 
weight  from  3,000  to  17,500  pounds.  Alto  to  produce  an 
equivalent  discrete  load  factor  for  the  two  degrees-of-free- 
dom  analysis,  a higher  qiectral  velocity  value  muR  be  used 
compared  to  that  of  the  sin^e  dagree-of-freedom  approach. 


76-1975 

Introduction  to  a Fighter  Aircraft  Loading  Standard 
for  Fatigue  Evaluation  (Falataff) 

G.M.  VanDijk  and  J.B.  DeJonge 
Structures  and  Materials  Div.,  National  Aerospace 
Lab.,  Amsterdam,  Netherlands,  Rept.  No.  NLR-MP- 
7501 7-U,  40  pp  (May  1975) 

N76-22598 

Key  Words:  Aircraft,  Fatigue  life.  Standards 

FalRaff  (Fighter  Aircraft  Loading  Standard  for  Fatigue 
Evaluation),  a loading  hiRory  standard  pertaining  to  fighter 
aircraft  wing  bending  primarily  governed  by  maneuver  load- 
ings, is  derived  in  order  to  evaluate  the  fatigue  performance 
of  Rructural  materials  end  components  and  to  establish 
fatigue  design  charts.  The  present  report  concerns  a joint 
international  dsvsiopment  effort  involving  Dutch,  German, 
and  Swiss  InRitutas.  Details  are  presented  with  regard  to  the 
general  development  philosophy  end  data  sources  considered. 
The  development  procedures  followed  are  summarized.  The 
results  of  some  preliminary  validation  tefls  are  reported. 


76-1976 

Experimental  Evaluation  of  NAS  Miramar  Hiuh 
Houae  (Project  P-1 14)  Volume  1 

W.P.  Suleand  E.T.  Pulcher 

Ground  Support  Equipment  Dept.,  Naval  Air  Engi- 
neering Center,  Lakehurst,  NJ.,  Rept.  No.  NAEC- 
GSED-96-Vol-l , 147  pp  (Feb  1976)  (See  also  Vol  2, 
AD-A024  404) 

AD-A024  403/8GA 

Kay  Wordt:  Aircraft  noise,  Noise  reduction.  Model  tatting, 
TeR  facilities 
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This  report  summarizes  the  results  of  an  extensive  experi- 
mental test  and  evaluation  of  the  new  NAS  Miramar  Hush 
House.  The  tests  consisted  of  both  aero-thermodynamic  and 
acoustic  data  acquisition.  Four  different  aircraft  (A-4,  F-8, 
F-4,  F-14)  were  run  in  the  facility  and  acoustic  data  was 
obtained  on  two  of  the  aircraft  (F-4,  F-14).  The  results  of 
the  full  size  testing  were  compered  with  1/1 6th  scale  model 
tests  results  to  estimate  the  reliability  of  scale  model  tests 
for  this  application. 


76-1977 

Sourcea  and  Characteristics  of  Interior  Noiae  in 
General  Aviation  Aircraft 

J.J.  Catherines  and  S.K.  Jha 

Cranfield  Inst,  of  Technology,  England,  Rept.  No. 
NASA  TM-X-72839,  24  pp  (Apr  1976)  (presented  at 
91st  Meeting  Acoust.  Soc.  Am.,  Washington,  D.C., 
5-9  Apr  1976) 

N76-21990 

Key  Words:  Aircraft  noise.  Noise  source  identification, 

Sound  transmission.  Acoustic  tests 

A field  study  was  conducted  to  examine  the  interior  noise 
characteristics  of  a general  aviation  aircraft.  The  goals  ware  to 
identify  the  major  noise  sources  and  their  relative  contribu- 
tion and  to  establish  the  noise  transmission  paths  and  thair 
relative  importance.  Tests  were  performed  on  an  aircraft 
operating  under  stationary  conditions  on  the  ground.  Results 
show  that  the  interior  noise  level  of  light  aircraft  is  dominat- 
ed by  broadband,  low  frequencies  (below  1,000  Hz).  Both 
the  propeller  and  tha  angina  are  dominant  sources,  however, 
the  contribution  from  the  propeller  is  significantly  more  than 
tha  engine  at  its  fundamental  blade  passage  frequency.  Tha 
data  suggest  that  the  airborne  path  it  more  dominant  than 
the  structure-borne  path  in  tha  transmission  of  broadband, 
low  frequency  noise  which  apparently  results  from  the 
exhaust. 


76-1978 

Noiae  Level  Measurements  in  Cockpits  and  Cabina  of 
DFVLR,  Oberpfaffenhofen  Flight  Unit  Aircraft 
(Reanlta  of  a First  Series  of  Measurements) 

H.  Galleithner 

Deutsche  Forschungs-  und  Versucbsanstalt  fuer 
Luft-  und  Raumfahrt,  Zentralabteilung  Luftfahrt- 
technik,  Oberpfaffenhofen,  West  Germany,  Rept.  No. 
DLR-IB-555-74/1 1 , 20  pp  (Dec  1974) 

(In  German) 

N76-22204 


Key  Words:  Aircraft  noise.  Noise  measurement 

The  noise,  at  car  level,  of  Cornier  DO  27  and  28,  Beech  65, 
Piaggio  Pi  149  D and  Cessna  207  aircraft  was  measured 
during  typical  flight  phases  on  the  runway,  during  takeoff, 
and  during  cruising.  Results  were  tabulated.  It  it  shown  that 
the  noise  level  of  the  different  aircrafts  can  be  classified, 
transforming  the  dB  (A)-level  into  a dimensionless  charac- 
teristic performance  number,  which  it  a measure  for  the 
effective  engine  performance  as  a percentage  of  the  con- 
tinuous performance. 


76-1979 

Fstabl idling  Noiae  Criteria  for  Residential  Living  in 
Areas  Surrounding  Commercial  Aviation  Airports 

MAN-Acoustics  and  Noise,  Inc.,  Seattle.  WA.,  Rept. 
No.  AD- A02 1683/8;  MAN-101 1/FAA-RD-75-21 1 , 
68  pp  (Nov  1975) 

N76-23946 

Key  Words:  Aircraft  noise.  Airports,  Human  response 

Four  different  airport  noise  conditions  were  simulated.  Three 
conditions  involved  day  flights  of  150  aircraft  with  average 
Noise  Exposure  Forecast  (NEF)  values  of  36.9,  32.5,  and 
26.9.  The  fourth  condition  added  18  night  flights  which  re- 
sulted in  a mean  NEF  of  32.9.  Interference  with  daily  living 
activities  and  annoyance  responses  to  the  four  conditions 
were  obtained. 


76-1980 

Noiae  Reduction  as  Affected  by  the  Extent  and 
Distribution  of  Acoustic  Treatment  in  a Turbofan 
Engine  Inlet 

G.L.  Minner  and  L.  Homyak 

NASA,  Lewis  Res.  Ctr.,  Cleveland,  OH.,  Rept.  No. 
N ASA-TM-X-7 1 904;  E-8693, 18  pp  (1976) 
N76-23268 

Key  Words:  Engine  noise.  Noise  reduction 

An  inlet  noise  suppressor  for  a TF-34  engine  designed  to  have 
three  acoustically  treated  rings  was  tested  with  several  differ- 
ent ring  arrangamants.  Tha  configurations  included:  all  three 
rings;  two  outer  rings;  single  outer  ring;  single  intermediate 
ring,  and  finally  no  rings.  It  was  expected  that  at  rings  ware 
removed,  the  acoustic  performance  would  be  degraded  con- 
siderably. While  a degradation  occurred,  it  was  not  at  large 
at  predictions  indicated.  Tha  prediction  showed  good  agree- 
ment with  the  data  only  for  tha  full-ring  inlet  configuration. 
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Effects  of  Perforated  Flap  Surfaces  and  Screens  on 
Acoustics  of  a Large  Externally  Blown  Flap  Model 

R.J.  Burns,  D.J.  McKinzie,  Jr.  and  JM.  Wagner 
NASA,  Lewis  Res.  Ctr.,  Cleveland,  OH..  Rept.  No. 
NASA-TM-X3335.  E8559.41  pp  (Apr  1976) 
N76-22156 

Key  Words:  Aircraft  noise.  Noise  reduction 

Various  model  geometries  and  combinations  of  perforatad 
flap  surfaces  and  screens  mounted  close  to  the  flap  surfaces 
were  studied  for  application  to  jet-flap  noise  attenuation  for 
externally  blown  flap,  under-the-wing  aircraft.  The  efforts 
to  reduce  jet-flap  interaction  noise  were  marginally  success- 
ful. Maximum  attenuations  of  less  than  4 db  in  overall  sound 
pressure  level  were  obtained  in  the  flyover  plane.  Noise 
reductions  obtained  in  the  I ow-to-middle- frequency  ranges 
(up  to  7 db)  were  generally  offset  by  large  increases  in 
high-frequency  noise  (up  to  20  db). 


76-1982 

Status  Report  - Subsonic  Aircraft  Noise  Reduction 

J.W.  Little  and  R E.  Russell 

Boeing  Commercial  Airplane  Co.,  Seattle,  WA., 
ASME  Paper  No.  76-GT-116 

Key  Words:  Aircraft  noise.  Noise  reduction 

The  design  process  for  a subsonic  commercial  transport 
aircraft  is  discussed  with  emphasis  on  noise  considerations. 
A review  of  the  process  for  identifying  component  noise 
levels  is  followed  by  a description  of  the  design  for  noise 
reduction  of  typical  components.  A discussion  of  system 
constraints  in  the  practical  application  of  noise-reduction 
concepts  is  followed  by  comments  on  the  need  to  include  a 
reasonable  design  tolerance.  Some  aspects  of  the  tradeoff 
between  noise  reduction  and  performance  are  described. 
Finally,  a projection  is  made  of  future  projected  noise 
reductions  based  on  yet-to-be -accomplished  research  pro- 
grams. 


76-1983 

Noiae  Reduction  Teats  of  Large- Scale-Model  Exter- 
nally Blown  Flap  Hang  Trailing- Edge  Blowing  and 
Partial  Flap  Slot  Covering 

D.J.  McKinzie,  Jr.,  R.J.  Burns  and  J.M.  Wagner 
NASA,  Lewis  Res.  Ctr.,  Cleveland,  OH.,  Rept  No. 
NASA-TM-X-3379,  E-8598,  65  pp  (Apr  1976) 
N76-22977 


Key  Words:  Aircraft  noise,  Noise  reduction 

Noise  data  were  obtained  with  a large-scale  cold-flow  model 
of  a two-flap,  under-the-wing,  externally  blown  flap  proposed 
for  use  on  future  STOL  aircraft.  The  noise  suppression  effec- 
tiveness of  locating  a slot  conical  nozzle  at  the  trailing  edge 
of  the  second  flap  and  of  applying  partial  covers  to  the  slots 
between  the  wing  and  flaps  was  evaluated.  Overall-sound- 
pressu re-level  reductions  of  5 db  occurred  below  the  wing  in 
the  flyover  plane.  Existing  models  of  several  noise  sources 
were  applied  to  the  test  results.  The  resulting  analytical  rela- 
tion compares  favorably  with  the  test  data.  The  noise  source 
mechanisms  were  analyzed  and  are  discussed. 


76-1984 

Phase  2 Program  on  Ground  Test  of  Refanned  JT8D 
Turbofan  Engines  and  Nacelles  for  the  727  Airplane. 
Volume  3:  Ground  Tests.  Final  Report 

Boeing  Commercial  Airplane  Co.,  Seattle,  WA.,  Rept. 
No.  NASA-CR-1 34799;  D6-42440-3-Vol-3,  350  pp 
(Dec  1975) 

N76-21 189 

Key  Words:  Aircraft  engines,  Acoustic  tests.  Noise  reduction 

The  NASA  Refan  Program  included  full-scale  performance 
and  noise  ground  tests  of  both  a current  production  (JT80- 
15)  and  a refanned  (JT8D-115)  engine.  A description  of  the 
two  ground  tests  including  detailed  propulsion,  noise,  and 
structural  test  results  is  presented.  The  primary  objectives  of 
the  total  test  program  were  comparison  of  JT80-15  and 
JT8D-115  overall  propulsion  system  performance  and  noise 
characteristics  and  determination  of  incremental  component 
noise  levels.  Other  objectives  of  the  test  program  included: 
(1)  determination  of  acoustic  treatment  effectiveness;  (2) 
measurement  of  internal  sound  pressure  levels;  (3)  measure- 
ment of  inlet  and  exhaust  hardware  performance;  (4)  deter- 
mination of  center-engine  surge  margin;  and  (5)  evaluation 
of  certain  structural  characteristics  associated  with  the 
727  refan  canter-engine  inlet  duct  and  JT80  refan  engine 
exhaust  system.  The  JT8D-15  and  -11 5 tests  were  conducted 
during  September  1974  and  January  to  March  1975,  respec- 
tively. 


76-1985 

Small  Scale  Noiae  and  Wind  Tunnel  Tests  of  Upper 
Surface  Blowing  Nozzle  Flap  Concepts.  Volume  1. 
Aerodynamic  Test  Results 

D.J.  Renselaer,  R.S.  Nishida  and  C.A.  Wilkin 
Aircraft  Div.,  Rockwell  International  Corp.,  Los 
Angeles,  CA.,  Rept.  No.  NASA-CR-1 37747,  143  pp 
(Dec  1975) 

N76-21159 
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Key  Words:  Aircraft,  Propulsion  systems.  Wind  tunnel 

tests.  Acoustic  tests 

The  results  and  analyses  of  aerodynamic  and  acoustic  studies 
conducted  on  the  small  scale  noise  and  wind  tunnel  tests  of 
upper  surface  blowing  nozzle  flap  concepts  are  presented. 
Various  types  of  nozzle  flap  concepts  were  tested.  These  are 
an  upper  surface  blowing  concept  with  a multiple  slot  ar- 
rangement with  seven  slots  (seven  slotted  nozzle),  an  upper 
surface  blowing  type  with  a large  nozzle  exit  at  approximate- 
ly mid-chord  location  in  conjunction  with  a powered  trailing 
edge  flap  with  multiple  slots  (split  flow  or  partially  slotted 
nozzle).  In  addition,  aerodynamic  tests  were  continued  on  a 
similar  multi-slotted  nozzle  flap,  but  with  14  slots.  All  three 
types  of  nozzle  flap  concepts  tested  appear  to  be  about  equal 
in  overall  aerodynamic  performance  but  with  the  split  flow 
nozzle  somewhat  better  then  the  other  two  nozzle  flaps  in 
the  landing  approach  mode. 


76-1986 

Small  Scale  Noiae  and  Wind  Tunnel  Testa  of  Upper 
Surface  Blowing  Nozzle  Flap  Concepts.  Volume  2. 
Acoustic  Test  Results 

Y.  Kadman 

Rockwell  International  Corp.,  Los  Angeles,  CA., 
Rept.  No.  NASA-CR -137748,  BBN-3130,  100  pp 
(Jan  1976)  (prepared  by  Bolt  Beranek  and  Newman, 
Inc.,  Cambridge,  MA) 

N76-21 160 

Key  Words:  Aircraft,  Propulsion  systems,  Wind  tunnal  tests. 
Acoustic  tests 

Results  are  summarized  of  acoustic  tests  on  two  advanced 
concepts  of  upper-surface-blowing  propulsive  lift  devices. 


BIOENGINEERING 

(See  No.  1955) 


BRIDGES 

(Also  see  No.  1930) 


76-1987 

Tlie  Performance  of  Lapped  Splices  Under  Rapid 
Loading 

T Rezansoff,  M.P.  Bufkin,  J O.  Jirsa  and  J.E.  Breen 
Center  for  Highway  Research,  Texas  Univ.  at  Austin, 
Austin,  TX..  Rept.  No.  CFHR-3-5-72-154-2,  FHWA/ 
RD-76-S0457,  108  pp  (Jan  1975)  (prepared  in 
cooperation  with  Texas  Highway  Dept.,  Austin,  TX) 
PB-251  973/4GA 


Key  Words:  Dynamic  response,  Bridget  (structures),  Re- 

inforced concrete.  Finite  difference  theory 

The  impact  or  dynemic  response  and  resistance  of  structures 
or  structure!  components  has  been  of  increasing  interest  in 
recent  years.  The  failures  of  lapped  splices  at  the  bases  of 
some  concrete  highway  support  structures  during  the  San 
Fernando  earthquake  led  to  questions  as  to  the  suitability 
and  adequacy  of  a lapped  splice  subjected  to  fast  loading 
rates.  In  addition,  the  damage  produced  by  hurricanes  and 
tornadoes  surpasses  earthquake  damage  and  gives  added 
impetus  to  the  study  of  structural  behavior  under  dynamic 
loads.  In  this  investigation  the  behavior  of  lapped  splices 
subjected  to  impact  loading  was  studied.  The  objective  was  to 
compare  the  strength  end  behavior  of  splices  under  static  and 
dynamic  loads  and  to  determine  whether  the  design  provi- 
sions based  primarily  on  static  tests  could  be  relied  on  under 
dynamic  loading  conditions. 


76-1988 

Binary  Flutter  of  Suqzenaion  Bridge  Deck 

Y.  Nakamura  and  T.  Yoshimura 
Res.  Inst,  for  Applied  Mech.,  Kyushu  University. 
Fukuoka,  Japan,  ASCE  J.  Engr.  Mech.  Div.,  102 
(EM4),  pp  685-700  (Aug  1976)  7 figs,  12  refs 

Key  Words:  SugMnsion  bridges.  Flutter,  Wind  tunnel  tests 

Wind  tunnel  experiments  on  models  of  suqwnsion  bridge 
deck  sections  with  plate  girders  of  various  heights  are  made 
to  d»ow  that  binary  fluttar  of  suq»nsion  bridge  deck  sections 
can  be  classified  into  three  types  which  have  different  mech- 
anisms of  axcitation;  i.e.,  the  classical  type  flutter,  the  single- 
degree-of-freedom  type,  and  the  intermediate  type.  Analyses 
on  an  energy  equation  of  fluff  structures  with  many  dagreet- 
of-freedom  are  also  given  to  establidt  the  theoretical  basis 
of  the  classification  of  binary  fluttar.  Although  the  geometry 
of  the  deck  section  is  found  to  be  the  most  dominant  para- 
meter that  influences  the  type  of  flutter,  it  may  also  depend 
on  various  other  parameters.  The  uncoupled  frequency  ratio 
is  chosen,  among  others,  and  its  affects  on  the  three  types  of 
binary  fluttar  are  investigated. 
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A limited  investigation  was  conducted  of  wind  damage  that 
occurred  on  April  3 and  4,  1975  in  the  Metropolitan  Wash- 
ington, D.C.  area.  Meteorological  data  indicate  that  the  winds 
ware  somewhat  lets  severe  than  those  that  rfiould  be  antici- 
pated by  designers.  Thus,  most  of  the  observed  damage 
reflects  inadequacies  in  design  or  construction.  Damage  was 
observed  in  occupied  buildings,  at  well  at  in  buildings  under 
construction.  Damaged  elements  of  occupied  buildings 
included . Masonry  curtain  walls;  masonry  gable  walls;  mason- 
ry veneer;  roofs  with  overhangs;  roofing;  and  cladding. 
Damaged  elements  of  buildings  under  construction  included 
roofs  end  masonry  walls. 


76-1990 

Analysts  and  Design  of  Tube-Type  Tall  Building 
Structures 

H.  deClercq  and  G.H.  Powell 

Earthquake  Engrg.  Res.  Ctr.,  California  University, 
Berkeley,  CA.,  Rept.  No.  EERC-76-5,  210  pp  (Feb 
1976) 

PB-252  220/9GA 

Key  Words:  Multistory  buildings.  Automated  design,  Macro- 
element method.  Joints  (junctions) 

Tube-type  structures  for  tall  bu tidings  generally  consist  of 
large  numbers  of  members  connected  at  an  equally  large 
number  of  joints.  This  causes  the  'exact'  analysis  of  such 
structures  to  be  expensive,  and  manual  sizing  of  members 
during  design  to  be  tedious.  In  this  report  a method,  called 
the  'Macroelement  Method,'  is  presented  for  the  approximate 
analysis  of  three-dimensional  tube-type  frames  consisting  of 
horizontal  beams  and  vertical  columns  connect  ad  at  rigid 
joints.  A linear  elastic  three  dimensional  analysis  can  be 
performed  very  economically  by  this  method  for  buildings 
of  arbitrary  plan,  including  such  structures  as  bundled  tube 
frames.  The  macroelement  method  is  a variation  of  tha  finite 
element  method,  in  which  a tingle  element  embraces  a rec- 
tangular portion  of  frame  consisting  of  several  columns  and 
several  beams.  Elements  are  connected  at  a small  number  of 
nodes.  Shape  functions  are  assumed  over  the  region  of  each 
element  to  express  the  displacements  of  the  beam-column 
joints  in  terms  of  the  displacements  of  the  nodes. 
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Influence  of  Canyon  on  Soil-Structure  Interaction 

H.L.  Wong,  M.D.  Trifunac  and  K.K.  Lo 
California  Inst,  of  Tech.,  Pasadena,  CA.,  ASCE  J. 
Engr.  Mech.  Div.,  102  (EM4),  pp  671-684  (Aug  1976) 
5 figs,  14  refs 
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Buildings,  Secondary  waves 

The  exact  solution  of  the  dynamic  response  of  a diear  wall 
on  an  elastic  half  apace  with  a canyon  having  semicircular 
cross  section  is  presented  for  excitation  by  plane  SH-waves. 
It  is  diown  that  the  driving  forces  and  compliances  in  the 
soil-structure  interaction  problem  depend  directly  on  the 
existence  of  a canyon.  For  different  angles  of  incident  SH- 
waves  the  existence  of  a canyon  may  shield  or  amplify  the 
building  motions  for  the  waves  whose  wavelengths  are  diort 
compared  to  the  canyon  dimensions.  In  most  cases  building 
motions  are  smaller  when  the  building  it  located  behind  the 
canyon  with  respect  to  incident  waves.  However,  these 
motions  may  be  amplified  when  the  building  is  placed  in 
front  of  the  canyon.  The  results  of  this  analysis  suggest  that 
the  shielding  of  building  foundations  by  canyons  or  trenches 
may  not  be  very  useful  from  the  practical  engineering  point 
of  view. 
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Structural  Damage  Caused  by  the  1976  Guatemala 
Earthquake 

M.A.  Soren  and  J.  Roesset 

Dept,  of  Civ.  Engrg.,  Illinois  Univ.  at  Urbana-Cham- 
paign,  IL..  Rept.  No.  UILV-ENG-76-2003,  87  pp 
(Mar  1976) 
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Key  Words:  Earthquake  damage 

This  report  contains  a preliminary  description  of  the  re- 
sponse of  engineered  construction  in  Guatemala  City  to  the 
earthquakes  of  4 and  6 February  1976.  Tha  technical  infor- 
mation contained  in  the  report  is  limited  primarily  to  photo- 
graphic evidence.  No  quantitative  analysis  is  included.  It  is 
believed  that  an  early  release  of  the  available  information  will 
be  of  value  to  emphasize  soma  of  the  structural  phenomena 
which  do  not  need  analysis  and  to  put  into  perspective  the 
level  of  damage  experienced  in  the  city. 
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AD-A023  006/0GA 

Key  Words:  Helicopters,  Energy  absorption.  Honeycomb, 

Foams,  Collision  research  (aircraft) 

The  purpose  of  the  program  was  to  identify  materials  which 
were  not  only  suitable  for  structural  components  but  were 
capable  of  absorbing  energy  at  acceptable  deceleration  levels 
in  a crash  environment.  After  raview  of  available  materials 
for  their  energy  absorption  capability  , five  candidate  ma- 
terials were  selected  and  a test  program  initiated  to  demon- 
strate their  attenuation  properties.  Those  selected  were 
three  types  of  honeycomb,  a rigid  foam,  and  a flexible  foam. 
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Dynamic  Response  of  Intervertebral  Joints  of  a 
Seated  Farm  Machine  Operator  in  the  Range  5-50  Hz 

O.A.  Braunbeck 

Ph.D.  Thesis,  Michigan  State  Univ.,  1976,  158  pp 
UM  76-18,600 

Key  Words:  Agricultural  machinery.  Vibration  txcitation. 

Human  response.  Mathematical  models 

An  hypothesis  is  proposed  in  this  work  which  suggests  that 
if  intervertebral  joint  deformations  present  distinct  I avail  at 
frequencies  encountered  in  the  test  of  farm  machinery,  they 
will  create  a fatigue  type  loading  of  the  intervertebral  joint 
sufficient  to  induce  pain  sensations.  A lumpad  parameter 
dynamic  modal  of  the  upper  torso  and  head  is  proposed, 
whose  main  objective  is  to  predict  lumbar  intervertebral 
joint  deformations.  The  governing  differential  equations  of 
motion  are  written  for  a linear  system  exposed  to  sinusoidal 
small  amplitude  displacement  excitation  in  the  vertical  direc- 
tion through  the  pelvis.  A particular  solution  is  found  for 
the  system  of  68  second  order  differential  equations  that 
provides  an  equal  number  of  complex  amplitudes  of  motion, 
corresponding  to  each  one  of  the  degrees  of  freedom  in  the 
system.  The  theological  behavior  of  deformable  components 
of  the  structure  is  modeled  by  means  of  Kelvin  viscoelastic 
si  aments.  The  stiffness  and  damping  coefficients  for  the 
axial  mode  of  actuation  ara  derived  from  impedance  data 
taken  from  isolated  vertebral  units.  The  modal  Is  validated 
by  computing  teat  to  haad  tranamieeibtlity  at  well  aa  driving 
point  knpadanca  coefficianta  over  the  frequency  range  5- 
60  Hz.  The  tranamMMity  and  Impedance  curves  correspon- 
ding to  the  model  doesly  resemble  the  experimental  curves 
even  though  the  values  differ  somewhat. 
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A new  approach  to  the  problem  of  perceptible  floor  vibre- 
tions  it  presented  predicated  on  the  realization  than  human 
activity  and  human  response  to  this  activity  are  random 
variables.  Techniques  for  data  reduction  are  discussed,  and  a 
detailed  description  of  one  approach  it  given  along  with  the 
associated  computer  program.  Data  from  floor  vibrations  are 
compared  with  current  criteria  for  human  response  to  vibra- 
tion. 
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Oil  Compreaaibility  and  Poly  tropic  Air  Compression 
Analysis  for  Oleopneumatic  Shock  Strut* 

M.K.  Wahi 

Boeing  Commercial  Airplane  Co.,  Renton,  WA., 
J.  Aircraft,  13  (7),  pp  527-530  (July  1976)  6 figs, 
7 refs 

Key  Words:  Shock  absorbers,  Mathematictl  models 

Various  aspects  of  dynamic  design  of  oleopneumatic  landing 
gear  shock  absorbers  were  investigated.  A review  of  available 
literature  shows  that  effects  on  shock  absorption  character- 
istics due  to  hydraulic  fluid  compressibility,  gas  solubility 
and  its  entrainment-in-oil,  and  tha  nature  of  polytropic 
exponent  during  the  compression  stroke  are  often  neglected 
by  the  designer.  An  attempt  has  been  mad*  to  establidi  the 
importance  of  these  parameters  end  possible  means  of 
representing  them  at  mathematical  models.  The  suggested 
models  are  capable  of  being  incorporated  into  any  realistic 
shock  strut  dynamics  sanitation. 
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A trandatory  diock  absorber  i>  provided  for  mounting  an 
attitude  aensor  thereon  for  isolating  a sensor  from  trandatory 
vibrations.  The  trandatory  shock  absorber  includes  a hollow 
block  structure  formed  as  one  piece  to  form  a parallelogram. 
The  absorber  block  structure  includes  a movable  top  plate 
for  supporting  the  attitude  tensor  and  a fixed  base  plate  with 
opposed  tide  plates  interposed  between.  At  the  junction!  of 
the  side  plates,  and  the  base  and  top  plates,  there  are  provid- 
ed grooves  which  act  as  flexible  hinges  for  attenuating 
trandatory  vibrations.  A damping  material  it  supported  on  a 
pedestal  which  it  carried  on  the  base  plate  between  the  tide 
plates  thereof.  The  top  of  the  damping  material  rests  against 
the  bottom  ajrface  of  the  top  plate  for  eliminating  the 
resonant  peaks  of  vibration. 
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A series  of  noise  measurements  were  made  on  a diesel- 
powered  heavy-duty  refrigeration  unit.  Noise  survey  informa- 
tion collected  included:  polar  plots  of  the  'A  Weighted' 
nu!«e  levels  of  the  unit  under  maximum  and  minimum  load 
conditions;  a linear  and  'A'  weighted  acoustical  time  history 
of  the  refrigeration  unit  nolea  operating  from  start-up  to  load 
conditions  representing  both  minimum  (unloaded)  and 
maximum  (loaded)  coding  capacity;  the  determination  of 
the  unmuffled  refrigeration  unit  angina  exhaust  noise  level 
under  maximum  and  minimum  load  conditions;  the  deter- 
mination of  the  noiao  contribution,  under  maximum  load 
conditions,  from  the  refrigeration  unit  angina  exhaust  and 
angina  cooling  system  fan  to  the  overall  system  noise. 


F.A.  Burney 

Ph.D.  Thesis,  The  University  of  Wisconsin-Madison, 
1976,221  pp 
UM  76-15,981 

Key  Words:  Machine  tools.  Chatter,  Series  (mathematics). 
Mathematical  models 

The  identification  and  analysis  of  a machine  tool  system 
dynamics  under  actual  working  conditions  is  useful  for  the 
purpose  of  the  machine  tool  chatter  control,  acceptance 
testing,  and  design  evaluation.  On  account  of  the  stochastic 
and  time-dependent  nature  of  the  machine  tool  vibrations, 
this  thesis  utilizes  a new  time  series  technique  called  the 
'Dynamic  Data  System  (DDS)'  for  the  purpose  of  such  an 
analysis.  Described  succinctly,  the  technique  developi  a 
statistically  adequate  mathematical  modal  of  the  system 
under  a given  condition  from  the  data  collected  from  the 
system.  The  data  collection,  which  has  to  be  based  on  a 
proper  physical  understanding  of  the  system,  can  be  per- 
formed during  the  course  of  its  (system's)  normal  operation. 
Considerable  experimental  work  it  done  in  this  research  to 
monitor  end  record  the  cutter-workpiece  relative  vibration 
and  the  cutting  force  data  from  a vertical  milling  machine 
during  the  face-mlling  operations  carried  out  under  differ- 
ent cutting  conditions.  A new  type  of  force  transducer  it 
employed  for  collecting  the  tangential  cutting  force  signal. 
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Kinetic  and  Dynamic  Effect*  on  the  Upper-Bound 
Load*  in  Metal-Fonnhy  Proceases 

J.  Tirosh  and  S.  Kobayashi 

Dept,  of  Mechanical  Engrg.,  Material  Processing  and 
Machine  Tool  Ctr.,  Technion-lsrael  Inst,  of  Tech., 
Haifa,  Israel,  J.  Appl.  Mech.,  Trans.  ASME,  43  (2), 
pp  314-318  (June  1976)  4 figs.  14  refs 
ASME  Paper  No.  76-APM-28 

Kay  Words:  Metal  working 

The  regular  upper-bound  approach  in  metal-forming  pro- 
cateet  it  extended  to  time-dependent  proceeeat.  The  ultimate 
goal  it  to  estimate,  in  an  approximate  manner,  time  rate 
effects  such  at  machine  meed  and  material  inertia,  on  the 
forming  load  of  time  independent  materials.  The  admissible 
velocity  field  with  associated  jumps  it  used  to  generate  an 
acceleration  flow  field  and  ateociated  flow  resistance. 
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Identification  and  Analysis  of  Machine  Tool  System 
Dynamics  under  Actual  Worthy  Conditions  Using 
Time  Series  Method* 
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Shock  and  Vibration  Evaluation  of  ML-8094/199 
Tube  Container 
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R.V.  Brown 

Air  Force  Packaging  Evaluation  Agency,  Wright- 
Patterson  AFB,  OH.,  Rept.  No.  DSPT-76-16,  22  pp 
(May  1976) 
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Key  Words:  Shipping  container*.  Packaging,  Vibration  test*. 
Shock  tertt.  Drop  tests 

The  Defense  Electronic  upply  Canter  reported  that  excessive 
damage  had  been  experienced  during  diipment  of  ML-8094/ 
199  High  Voltage  Rectifier  tubes  from  the  Connecticut  beeed 
manufacturer  to  Paterson  Field,  Colorado.  The  main  objec- 
tives of  this  study  were  twofold:  (1)  Determine  if  the  present 
peck  will  protect  the  tube  when  subjected  to  rough  handling 
tests  at  prescribed  by  MIL-P-116;  and  (2)  Determine  if  the 
pack  could  be  modified  to  afford  increased  protection  to  the 
tube. 
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Variability  of  Curiiioning  Properties  of  Polyurethane 
Foams 

R.V.  Brown 

Air  Force  Packaging  Evaluation  Agency,  Wright- 
Patterson  AFB,  OH.,  Rept.  No.  DSPT-76-8,  18  pp 
(Mar  1976) 
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The  primary  objective  of  this  study  was  to  determine  the 
variability  in  the  dynamic  cudiioning  propart  let  of  flexible 
polyurethane  foam  materials  procured  from  different  sources 
under  the  requirements  of  MIL-P-0026614C.  A secondary 
objective  was  to  establMi  the  degree  of  correlation  between 
the  dynamic  cushioning  properties  of  polyurethane  foam  and 
various  material  physical  properties  such  at  density,  static 
stress  characteristics  and  Indent  Load  Deflection  OLD) 
factor.  The  results  of  this  study  drow  that  than  it  consider- 
able variability  in  the  dynamic  cudiioning  properties  of 
polyurethane  foam  materials. 
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Determination  and  Probabilistic  Foundation  Forces 
Resulting  from  aa  Unbalanced  Turbine 

M.L.  Boyce  and  TJ.  Kozik 

Texas  A & M Univ.,  College  Station,  TX.,  ASME 
Paper  No.  76-GT-120 
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This  paper  considers  the  problem  of  the  unbalanced  rotating 
turbine  at  a tingle  degree  of  freedom  system,  wherein  the 
principal  mode  of  vibration  it  a translation  in  the  direction 
of  the  machine  supports.  The  distance  from  the  center  of 
mast  of  the  rotating  mass  to  the  geometric  axis,  alto  known 
as  the  effective  eccentricity,  it  modeled  at  a random  variable. 
The  expression  for  the  root  mean  square  response  of  the 
rotating  machine  it  derived  and  related  to  the  statistical 
analog  for  the  deterministic  expression  for  the  foundation 
force.  These  results  are  numerically  compered  to  their 
equivalent  deterministic  values. 


76-2004 

Modal  Structure  Inferred  from  Static  Far-FMd  Noise 
Directivity 

A.V.  Saule 

NASA.  Lewis  Research  Ctr„  Cleveland,  OH.,  Rept. 
No.  NASA-TM-X-71909,  E-8704.  12  pp  (1976) 
(proposed  for  presentation  at  3d  Aero-Acoustics 
Conf.,  Palo  Alto,  CA.,  20-23  July  1976;  sponsored 
by  AIAA) 

N7 6-21 207 
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Turbofan  noise  directivity  calculated  for  two  directivity 
models  was  compared  with  experimental,  blade  passing  fre- 
quency data  from  two  fans  at  80  and  90  percent  speeds. 
Experimental  data  indicated  similar  directivity  patterns 
which  were  well  represented  by  a single  average  data  curve. 
Calculated  points  using  the  equal  amplitude  model  showed 
over-prediction  near  the  fan  axis  and  near  the  90  degree 
position. 
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Noise  Reduction  From  tbe  Redesign  of  ■ Fan  Stage 
to  Miaknfce  Stator  Lift  Fluctuations 

J.H.  Dittmar  and  R.P.  Woodward 
NASA,  Lewis  Research  Ctr.,  Cleveland,  OH.,  Rept. 
No.  N ASA-TM-X-7 1 896;  E-8682,  10  pp  (1976) 
(proposed  for  presentation  at  3d  Aero -Acoustics 
Conf.,  Palo  Alto,  CA.,  20-23  July  1976;  sponsored 
by  AIAA) 
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An  existing  fan  stage,  redesigned  to  reduce  stator  lift  fluc- 
tuations, was  aoouttically  tested  for  reduced  noise  genera- 
tion. The  lift  fluctuations  on  the  stator  were  reduced  by 
increasing  die  stator  chord,  adjusting  incidence  an0es,  and 
by  adjusting  the  rotor  velocity  diagrams. 
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Noise  Comparisons  of  Single  and  Two  Stage  Demon- 
strator Fana  for  Advanced  Technology  Aircraft 

M.F.  Hoidmann 

NASA,  Lewis  Research  Ctr.,  Cleveland.  OH..  Rept. 
No  NASA-TM-X-71899,  E-8688.  18  pp  (1976) 
N76-23266 

Kay  Words:  Fans.  Noise  reduction 

A high-speed  single-stage  and  a low-spaed  two-stage  fan  ware 
designed,  fabricated,  and  tasted  to  demonstrate  their  pre- 
dicted low  noise  performance  for  an  advanced  0.86-0.90 
cruise  Mach  number  aircraft  requiring  a 1.8-1 .9  pressure 
ratio  fan.  Acoustic  tests  were  made  with  both  unsuppraased 
and  auppreaaed  configurations.  The  two-stage  fan  demon- 
strated that  quiet  fan  technology  developed  for  low  qieed 
single-stage  fan  is  applicable  to  two-stags  designs.  The  un- 
su pursued  high-speed  single  stags  fan  demonstrated  that 
significant  reductions  in  inlet  noise  can  be  achieved  from  the 
tonic  blockage  caused  by  supersonic  flow  In  the  rotor  Wading 


76-2007 

Altitude  Performance  of  a Low-Noiae-Tedtaoiogy 
Fan  in  a Turbo  fan  Engine  With  and  Wsthont  a Sound 
Suppressing  Nacelle 

T.J.  Biesiadny,  R.E.  Grey  and  M.  Abdelwahah 
NASA,  Lewis  Research  Ctr.,  Cleveland,  OH..  Rept. 
No.  NASA-TM-X-3385;  E-8592,  31  pp  (Apr  1976) 
N76-21213 
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Test  variables  wars  Met  Reynolds  number  index  10.2  to  08). 
flight  Mach  number  (0.2  to  08),  and  flow  distortion  (tip 
radial  and  combined  circumferential  - tip  radial  patterns). 
Results  are  limited  to  fan  bypass  and  overall  engine  perfor- 
mance. There  ware  no  discernible  effects  of  Reynolds  num- 
ber on  fan  performance.  Increasing  flldit  Mach  number 
dilftad  the  fan  operating  line  such  that  pressure  ratio  de- 
creased and  airflow  increased.  Inlet  flow  distortion  lowered 
tUM  margin. 
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Added  Maas  of  Marine  Propsden  ■ Axial  Truncation 

J.E.  Brooks 

David  W.  Taylor  Naval  Ship  Rea.  and  Day.  Ctr., 
Bathaada.  MO.  Rept.  No.  DTSNRDC-78-0079. 
16  pp  (Apr  1976) 

AD-A021)  260/2GA 


Experimental  and  theoretical  values  are  compared  for  the 
added  masses  of  marine  propellers  and  disks  In  axial  transla- 
tion. The  experimental  apparatus  end  procedure  are  de- 
scribed in  detail,  but  the  theoretical  model  is  only  outlined. 
Values  predicted  by  the  theoretical  model  were  16  to  30 
percent  smaller  than  the  experimental  results,  except  for  the 
cate  of  a circular  disk  in  broadside  motion  where  the  results 
agreed  within  2 percent.  The  generation  of  vorticity  on  the 
surfaces  of  the  propellers  end  disks  is  proposed  as  a possible 
explanation  for  the  discrepancies. 
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Slecriag  mi  Dynamic  Stabiity  of  Raiway  Vehicles 

A.H.  Wickens 

British  Rail  Res.  and  Dev.  Division.,  Derby,  England, 
Vehicle  Syst.  Dyn„  5.  (1-2),  pp  15-46  (Aug  1975) 
11  figs,  21  refs 

Key  Words:  RaSroad  vehicles.  Dynamic  stability.  Stewing 
effects 

For  railway  vehicles  having  coned  wheels  mounted  on  solid 
axles  there  is  a conflict  between  dynamic  stability  and 
steering  ability.  It  It  Shown  that  the  stiffness  and  kinematic 
properties  of  all  possible  interwhedset  connections  are 
charactwiied  by  two  properties  deter toing  the  distort  ional 
characteristics  of  the  vehicle  in  plan.  Within  this  framework, 
the  vwiout  possibilities  for  steered  wheel seti  ate  considered, 
and  several  peat  and  current  proposals  ate  reviewed.  Using 
the  linaar  approach  to  dynamic  stability  and  curve  negote- 
tion  die  performance  of  existing  and  newly  proposed  con- 
figurations Is  discussed. 
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The  Dyaasnica  of  Smg)e  Track  Vehicles 

R.S.  Sharp 

Dept,  of  Mechanical  Engrg..  The  Univ.  of  Leeds, 
Leeds  LS2  9JT,  England,  Vehicle  Syst.  Dyn.,  Jj 
(1-2),  pp  67-77  (Aug  1975)  16  refs 
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The  papw  contains  a brief  review  of  the  more  subjective 
aspects  of  the  stewing  behavior  of  tingle  track  vahldes,  e 
review  of  the  more  significant  published  work  In  the  field, 
and  an  assessment  of  the  current  state  of  understanding  and 
likely  ways  In  udilch  furthw  progress  can  be  made.  Attention 
Is  drawn  to  the  many  areas  of  agreement  between  theory  end 
practice  and  to  soma  areas  of  disagreement.  The  greatest  need 
now  seams  to  be  for  the  incorporation  of  more  complex  the 
models  into  vehicle  handling  models. 
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76-2011 

A Method  for  Systematic  Interpretation  of  Dynamic 
Measurement!  in  a High  Temperature  Gas-Cooled 
Reactor 

S.-l.  Chang 

Ph  D,  Thesis,  The  University  of  Tennessee,  1976, 
234  pp 

UM  76-17, 720 

Kay  Words:  Nudaar  reactors,  Mathematical  models.  Para- 

meter identification  techniques 

This  study  presents  the  development  and  application  of  a 
new  technique  for  practical  parameter  identification  of 
systems  whose  dynamics  are  described  by  up  to  110  first 
order,  linear  differential  and  algebraic  equations.  A par- 
titioned matrix  technique  was  developed  for  this  purpose. 
This  technique  which  takes  advantage  of  the  matrix  form  of 
the  system  equations,  constitutes  a very  efficient  analysis 
algorithm  when  implemented  on  the  digital  computer.  The 
identification  procedure  is  to  be  used  to  analyze  test  results 
from  the  Fort  St.  Vtain  high  temperature,  get  cooled  reactor. 


RECIPROCATING  MACHINE 

(Alto  see  No.  1919) 


76-2012 

Truck  Noise  III-H.  Final  Report  on  the  Freight! user 
Quieted  Track  Program 

T.D.  Hutton,  Jr. 

Bolt  Beranek  and  Newman,  Inc.,  Cambridge,  MA., 
Rept.  No.  DOT/TST-76-55,  57  pp  (Jan  6.  1976) 
(prepared  in  cooperation  with  Freightliner  Corp., 
Portland,  OR.,  see  also  PB-246  263) 

PB-251  680/5GA 

Key  Words:  Motor  trucks.  Engine  noise,  Diesel  engines. 

Noise  reduction.  Acoustic  measurement 

This  report  summarizes  the  results  of  FreightHnar's  research, 
evaluation,  and  demonstration  of  diesel  truck  noise  control 
efforts  for  the  Quiet  Truck  Program  moneorad  by  the  De- 
partment of  Transportation's  Office  of  Noise  Abatement. 
A synopsis  of  each  of  the  seven  previous  Freigh  diner /DOT 
Truck  Noise  V reports  documenting  the  various  aspects  of 
the  program  is  provided.  Significant  conclusions  are  present- 
ed from  die  findings  of  these  reports,  along  with  a number 
of  factors  that  must  be  considered  to  establish  a proper 
perspective  for  evaluating  these  findings. 
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Stochastic  Road  Inputs  and  Vehicle  Response 

J.D.  Robson  and  C.J.  Dodds 

Dept,  of  Mechanical  Engineering.  Univ.  of  Glasgow, 
Scotland.  Vehicle  Syst.  Dyn.,  5^  (1-2),  pp  1-13  (Aug 
1975)  37  refs 

Kay  Words:  Ground  vehicles,  Automobiles,  Stochastic 

processes,  Road  roughness.  Spectral  analysis 

The  paper  explains  the  basis  of  the  standard  mectral  tech- 
niques which  are  available  for  the  description  end  analysis  of 
stochastic  processes,  and  emphasizes  the  restrictions  implied 
by  their  acceptance.  Progress  towards  the  present  state  of  the 
art  is  indicated  by  reference  to  work  pubildted  over  the  last 
26  years;  this  work  has  established  that  a stationary  gauss ian 
stochastic  process  does  provide  a satisfactory  basic  model  for 
a road  surface,  and  it  hat  now  reached  a state  of  considerable 
sophistication.  The  development  of  experimental  simulation 
techniques,  bated  on  multivariate  stochastic  process  theory, 
is  described  and  the  reiationdiip  of  such  tacts  to  response 
analysis  it  explained.  There  it  tome  discussion  of  the  prob- 
able directions  of  future  progress.  The  presentation  it  based 
primarily  on  the  automobile  response  problem,  but  many  of 
the  techniques  described  are  applicable  alto  to  other  forms  of 
vehicle. 
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Analysie  sad  Interpretation  of  Steady-State  and 
Transient  Vehicle  Response  Measurements 

N.F.  Barter 

The  Motor  Industry  Res.  Association,  Nuneaton, 
England,  Vehicle  Syst.  Dyn.,  5_  (1-2),  pp  79-103 
(Aug  1975)  8 figs,  63  refs 

Kay  Words:  Ground  vehicles,  Steering  effects.  Periodic 

remonte.  Transient  response 

This  paper  is  concerned  with  the  description  of  the  open  loop 
response  of  road  vehicles  to  steering  inputs.  The  important 
literature  is  reviewed  for  both  steady  state  and  transient 
response  behavior.  The  measures  available  for  steady  state 
reaponte  covering  the  whole  range  of  lateral  acceleration  are 
ditcuteed  In  detail,  end  sample  measured  data  are  pretented. 
It  it  dtown  that  the  important  quentitlee  are  the  effective 
cornering  ttlffn  eases  of  the  from  and  rear  tires,  how  they  are 
related,  and  how  they  vary  with  lateral  acceleration.  Tran- 
sient remonee  It  only  considered  for  the  region  of  linear 
behavior,  where  It  it  seen  that  a control  theory  approach  it 
appropriate.  A temple  set  of  frequency  response  curves  end 
step  input  retponeee  are  praeentad.  It  it  concluded  that 
satisfactory  methods  of  measurement  end  deecrlption  are 
available  but  that  'desirable'  I avail  cannot  yet  be  firmly 
meclfled. 
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Simulation  of  Directional  Behaviour  of  Road  Vehicle* 

U.  Sorgatz 

Volkswagenwerk  AG,  Wolfsburg,  Germany,  Vehicle 
Syst.  Dyn.,  _5  (1-2).  pp  47-66  |Aug  1975)  12  figs, 
35  refs 

Kay  Words:  Digital  simulation.  Ground  vehicles 

This  paper  contains  a review  of  simulations  of  the  dynamic 
behavior  of  vehicles  to  directional  road  planar  /inputs. 
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On  the  Stability  in  tbe  Sense  of  Liapunov  of  a Rub- 
ber Tire  Vehicle 

H.K.  Sachs  and  C.C.  Chou 

Wayne  State  Univ.,  Detroit,  Ml.,  J.  Dyn.  Syst.,  Meas. 
and  Control,  Trans.  ASME,  98  (2),  pp  180-185 
(June  1976)  2 figs,  13  refs 

Key  Words:  Ground  vehicles.  Stability,  Tire  characteristics 

A qualitative  evaluation  of  the  vehicle  stability  problem  is 
gtoen  for  the  purpose  of  setablldting  a measure  of  the  per- 
formance limit  of  automobles  for  the  Imposed  conditions  of 
constant  u lead  and  fixed  steer  control. 
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Inveetigatiou  of  Fluid  icaily  Controlled  Suqsetuaoa 
System*  for  Tracked  Vehicles 

W.R.  Eberleand  M.M  Steele 
School  of  Aeronautics,  Astronautics  and  Engineering 
Sciences.  Purdue  Univ.,  Lafayette,  IN.,  Rapt.  No. 
TACOM-TR -12072, 96  pp  (Sept  1975) 
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76-2018 

Unsteady  Drag  and  Dynamic  Stall  as  Simulated  in  a 
Varying  Freestream 

D.L.  Kunz 

Ph.D.  Thesis,  Georgia  Institute  of  Technology,  1976, 
189  pp 

UM  76-16.984 

Key  Words:  Helicopter  rotors.  Rotary  wings.  Stalling 

The  objectives  of  this  investigation  were  to  find  out  to  whet 
extent  streemwise,  simple  harmonic  velocity  perturbetiont 
in  the  freest  ream  affect  dynamic  stall  and  unsteady  drag. 
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The  Application  of  Gaa-  and  09-Lubrieated  Fo3 
Bearings  for  the  ERDA/Chryder  Automotive  Gaa 
Turbine  Engine 

S.  Gray.  N.  Sparks  and  J.  McCormick 

Mechanical  Technology,  Inc.,  Latham,  NY.,  ASME 

Paper  No.  76-GM15 

Key  Words:  Rotor-bearing  systems 

A design  study  has  been  made  of  a resilient  hydrodynamic 
foil  bearing  support  system  for  a 58,500- rpm  automotive 
gss  turbine  rotor  utilizing  an  air-lubricated  journal  bearing 
at  the  hot  turbine  end  and  an  o i! -lubricated  journal  and 
thrust  bearing  at  the  compressor  end.  The  paper  includes  a 
review  of  earlier  engine  rotor /bearing  systems  and  lists  the 
potential  advantages  of  u.a  foil  bearings.  Design  analysis  of 
the  bearings  and  rotordynamlcs  Is  given  including  critical 
meeds,  rotor  unbalance  mponse,  bearing  performance,  and 
temperature  distributions  to  confirm  the  fretibRity. 


Key  Words:  Tracked  vehicle*,  Suspension  systems  (vehicle*), 
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Thus  us*  of  fluidic  components  in  a hydiopnaumatlc  sus- 
pension system  is  expected  to  significantly  Improve  certain 
ptitbfnmm  charactirfoici  of  the  mwnton  lyitcm. 
candidate  variable  damping  and  varlabl*  springing  systems  are 
discusaad.  The  damping  and  wringing  parameters  are  func- 
tion* of  relative  position  (batwaan  the  wheel  and  the  vehicle 
body),  ralatlv*  velocity,  and  vertical  acceleration  of  the 
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candidate  system.  A brief  performance  anatyeis  of  tel  act  ad 
eyetama  le  presented. 
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Ah  Empirical  Design  Procedure  for  Shaft*  with 
Fatigue  Loadings 

J.D.  Grounds 

Darcom  Intern  Training  Center,  Texarkana,  TX., 
Rept.  No.  DARCOM-ITC-02-08-76-01 7,  40  pp 
(Apr  1976) 

AD-AQ24  785/8GA 

Key  Words:  Shafts,  Fatigue  strength  Design  tachniqutt 


Thi«  raport  presents  a method  of  designing  routing  shafts 
subjected  to  oombinad  fatigua  load*.  In  the  pact,  tha  fatigua 
•trangth,  a (notarial  proparty  neceasery  for  daaign,  hat  baan 
datarminad  for  axial,  banding,  and  torsional  load*  indepen- 
dandy.  A ganarai  qiproach  to  daaign  with  oombinad  loada 
raquiraa  a fatijuo  atrangth  that  doaa  not  dapand  on  tha  typa 
of  loading.  Measured  dlffaraneaa  in  tha  fatigua  atrangtha  ora 
attributad  to  tha  tin  of  a theft.  By  developing  correction 
factor*  to  be  uaad  on  die  applied  banding  and  tortionai 
loada,  tha  axial  fatigua  atrangth  can  be  uaad  for  combined 
load*. 
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SPACECRAFT 

(Alao  tee  Not.  1805.  1806.  1807.  1067.  1007) 


76*2021 

Effect*  of  U nay nunet Heal  StablMy  Derivative  Charac- 
teriatiea  on  Reentry  Vehicle  Tranrient  Angular 

U-t: * 

notion 

A.E.  Hodapp.  Jr. 

Saodia  Labs.,  Albuquerque,  NM.,  Rept.  No.  SAND- 
750252.  37  pp  (Sept  1975) 

N76-23174 

Kay  Word*:  Reentry  vahidaa.  Stability  analyai* 

Analytical  raaultt,  numerical  results,  and  raaulta  of  digiUI 
il^w  aimulationt  are  prevented  for  an  Invaatlgatlon  of  the 
affect*  that  unaymmatrical  stability  darhtiva  characteristic* 
have  on  tha  Ran* lent  angular  motion  of  dander  rolling 
reentry  vahidaa.  h k diown  that  in  addition  to  changing  the 
motion  pattern*,  damping  and  frequency  relative  to  dtoae 
for  (ymmetrical  missies,  unaymmatried  Mobility  darlvathraa 
can  cauw  an  exponential  growth  of  the  transient  angle  of 
attacfi  for  flight  condition*  within  tha  reaonance  region. 


76-2022 

Auafyaia  of  Structural  Dynamic  Data  from  Skylah. 
Voluaae  1:  Tackaieri  Diaeuarioo 

L.  Demchak  and  H.  Harcrow 

Martin  Marietta  Corp.,  Denver,  CO.,  Rept.  No. 

NASA-CR- 144286,  MCR-76-179-Vol-1.  222  pp  (Mar 

1976) 

N76-22268 

Kay  Word*:  »acacraft 


A compendium  of  Skylab  structural  dynamic*  analytical  and 
tett  program*  i«  pratantad.  Thoaa  program*  are  aaaaaaad  to 
identify  lessons  learned  from  the  structural  dynamic  pre- 
diction effort  and  to  provide  gukfdina*  for  future  analysts 
and  program  manager*  of  complex  qiacacraft  cyMams.  It  i* 
a synopsis  of  tha  Mructurai  dynamic  effort  performed  under 
tha  Skylab  Integration  contract  and  specifically  cover*  the 
development,  utilisation,  and  correlation  of  Skylab  Dynamic 
Orbital  Modal* 


76-2023 

Analyai*  of  Structural  Dynamic  Data  from  Skylab. 
Volume  2:  Skylab  Analytical  and  Teat  Model  Data 

L.  Demchak  and  H.  Harcrow 

Martin  Marietta  Corp.,  Denver,  CO..  Rept.  No. 
NASA-CR-1 44286;  MCR-76-179-Vol-2,  216  pp  (Mar 
1976) 

N7 6-22270 

Kay  Word*:  Spacecraft.  Mode  shapes 

Tha  orbital  configuration  test  modal  data,  analytical  tost 
correlation  modal  data,  and  analytical  flight  configuration 
modal  data  art  pratantad.  Tables  showing  the  generalized 
mass  contribution*  (GMCs)  for  each  of  tha  thirty  tests  mode* 
era  given  along  with  tha  two  dimensional  mode  shape  plots 
and  tablet  of  GMCs  for  the  test  correlated  analytical  mode*. 
Tha  two  dimensional  mode  shape  plots  for  tha  analytical 
modes  and  uncoupled  and  coupled  modes  of  the  orbital 
flight  configuration  at  three  development  phases  of  tha 
modal  are  included. 


76-2024 

Shuttle  On-Pad  Ground  Wind  Loada 

A.D.  Devers,  E.  Simon,  T.E.  Blejwas,  and  A.C.  Park 
Martin  Marietta  Corp.,  Denver,  CO.,  Rept.  No. 
NASA-CR-144290.  MCR-75-446,  285  pp  (Apr  1976) 
N76-23623 

Kay  Words:  Spacecraft,  Wind-Induced  excitation.  Computer 
program*,  To  wars 

A digital  computar  program  system  capability  was  davtiopad 
which  Includes:  (1)  tha  ability  to  generate  both  static  and 
dynamic  load  components  and  resultants  for  all  wind  azi- 
muths due  to  dreg,  gusts  and/or  wind  induced  oscillations: 
(2)  the  ability  to  establish  both  static  and  dynamic  com- 
ponents and  resultant  deflections  versus  vahkda  station  for 
tha  separata  dtuttls  system  components;  (3)  the  ability  to 
analyze  tha  dynamic  load*  and  ramonaaa  resulting  from 
Obiter  ignition/thutdown  (rebound  phenomena);  and 
14)  tha  ability  to  combine  structural  loads  and  deflect  ions 
from  different  load  sources. 
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TURBOMACHINERY 

(Also  see  Nos.  1935,  1937) 


76-2029 

Experiments  on  03-F2m  Dampers  for  Turboma- 
chinery 

M,  Botman 

Pratt  & Whitney  Aircraft  of  Canada,  Ltd.,  Longueull, 
Quebec,  Canada,  J.  Engr.  Power,  Trans.  ASME,  98 
(3),  pp  393400  (July  1976)  15  figs,  8 refs 
ASME  Paper  No.  75-WA/GT-19 

Key  Words:  Fluid-film  damping.  Turbomachinery 

Oil-film  dampers  are  used  In  turbomachinery  to  suppress 
undesirable  shaft  dynamic  responses.  They  are  located  at  the 
nonrotating  outer  race  of  selected  main  bearings.  A rig  is 
described  that  seas  designed  to  evaluate  the  effect  of  damper 
geometry  on  the  rotor  reqxjnses.  Typical  test  results  are 
rfiowm  which  indicate  that  cavitation  limits  the  maximum 
Speed  at  which  dampers  mould  be  used. 


76-2030 

Methods  of  Dynamic  Measurements  in  Turboma- 
chines 

R.  Larguier  and  A.  DeSievers 

Royal  Aircraft  Establishment,  Farnborough,  England, 

Rept.  No.  RAE-Lib-Trans-1835,  BR51462;  ONERA- 

TP-1403-11974),  26  pp  (Jan  1976)  (Transl.  into 

English  from  L'Aeronautique  et  L'Astronautique 

(France),  46,  pp  9-18  (1974);  ONERA-TP-1403- 

(1974) 

N76-22542 

Kay  Words:  Turbomechinery,  Measurement  techniques 

The  work  at  ONERA  on  dynamic  measurements  in  turfao- 
mechinee,  which  extends  from  incompressible  to  supersonic 
flow  is  reported.  Oats  on  surface  pressures  on  moving  blades 
and  on  the  external  casing,  opposite  the  rotor,  and  on  deter- 
mination of  the  wake  by  pressure  sensor  and  hot  wire  are 
prseented. 


76-2031 

Determination  of  the  Time-Averaged  Pressures  in 
Strongly  Fluctuating  Flows  and  Especially  in  Turbo- 
Mach  inea 

H.  Weyer 

Royal  Aircraft  Establishment,  Farnborough,  England, 
Rept.  No.  R AE- Lib-T rans- 1 850;  DLR-FB-74-34,  145 
pp  (Jan  1976)  (Transl.  into  English  from  Deutsche 
Luft-  und  Raumfahrt,  Rept.  No.  DLR-FB-74-34) 
N 7 6-22543 

Key  Words:  Turbomachinery,  Dynamic  response.  Measuring 
Instruments 

The  problems  of  meesuring  pressure  are  studied  for  strongly 
fluctuating  flow  - for  example,  in  turbomachines  • with 
particular  regard  to  the  determination  of  clearly  defined 
average  pressures.  A detailed  description  is  given  of  the 
operating  principles  of  three  new  procedures  for  determining 
the  actuel  time  averages  of  pressure  fluctuations  of  high 
frequency  and  amplitude  end  also  of  the  construction  of  the 
corresponding  meesuring  devices.  Laboratory  testing  of  these 
procedures  is  reported  using  a newly  developed  calibration 
device  that  generates  defined  pressure  fluctuations,  and 
initial  tests  of  the  meesuring  devices  in  turbocompressors  are 
described. 
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Free  Vibration 

1481  392  1143  1794  165  86  277  1118  129 

1951  1973  1814  265  1616  1957  1238  1929 

1615  1458 


Freight  Cara 

741 


Frequency  Analyaera 
Frequency  Domain 


Frequency  Meter. 

242 


735  147  958 

597 
1737 


997  1399 


19*6  1878 


Frequency  Reaponee 

320  912  1483  935  146  1087  1138  1919 


Friction  Excitation 

911  1623 


FroaenSoda 

713 

Function.  (Mathematic.) 
Fundamental  Frequency 

1 

Fundamental  Mode 


Furnace  Noiae 

1530 

Fuaea  (Ordnance) 


1414  1435  1027 

1247 


1510  1741  1222  133  844 
773 


87  258 
537  538 


MM  190  333  333466  487623  924-751  762646  646-1117  1118-1316  1316-1903  19041721  17221671  16722031 


Graphic  Method* 
410 


Galerkin's  Method 

S42  I3S4 

1142  1804 

1802 


Gw  Hearing* 


Gw  Tuihine  Blade* 
220 


76  77 


Caa  Turbines 

700  691  692 


Gearboxes 

381  382 

Gear  Noise 
171 


1676  797  678  679 
1557  699 

1677 


383  384  385  386  88  299 

443  1434  845  546  248  439 

1433 


Ceoaamtrie  Effects 


Geometric  Imperfection  Effects 
130 


635  1387  1138 

1025  1617  1388 


107  1429  Gram 


Gravity  Effect* 
150 

Green  Function 


Grinding  Machinery 


Ground  Effect  Madt:nes 

574  1295  316  458 

1294  736 

Ground  Motion 

1751  52  1743  64  45  46  1747  90S  219 

1863  524  1745  1748 


Ground  Shock 


Ground  Surface 


1163  1164  526 


1035  1036 


Ground  Vehicle  Noise 
771 

Ground  Vehicle* 

1340  1092  1913  934  445  1176  178 

2013  1174  925  2016  1298 

2014  935  1868 

2015 

Ground  Vibration 

1732  1384 


1646  1647  578  579 
1249 


Guard  Rada 


1093  1304 


Guideway* 

460  1631  312 


Gunfire  Effect! 

492  493  693  1366  1207 

1172  1173  1633 

Gyroecope* 

1070  1324 

Gyroecopic  Excitation 

1713  1706 

Gyroecopic  Vibration  Abeorber 


Head  (Anatomy) 


Heat  Exchangen 
1030  31 

101 
1901 

Helical  Gear* 
1600 


836  888  889 

1039 


86  1017  1018  1939 
106 
1016 


Helical  Sprinp 

1462 


Helicopter  Engine* 


Helicopter  Equipment 


Half-Space 


1006  1737 


Hamitonian  Function* 

663 

Hamiltonian  Prbiciple 
1872 

Hardened  iMtallatione 
383 

Harmonic  Andyrie 

182  1544  373 

Harmonic  Excitation 
230  1612 

.790 


216  1648 


836  1127  969 

1396  1939 


126  487 


Helicopter  HoiaU 


Helicopter  Landing 


Helicopter  Nolle 


443  344  1273  746  188  369 

444  1363 


1312  1313  1273  1276  2018  829 

>712  1099 

« 

nracopivn 

290  441  442  493  384  493  386  537  289 

440  492  1993  383  937  319 

1630  60S 

713 
1363 


IMeoptar  Vibration  Effect! 


1 


Hemiapherical  Sheila 
High  frequency  Eidutka 


High  Frequency  Reaonance  Technique 
254 

High  Frequency  Reaponae 

861  815 

High  Speed  Tranaportation 

1541  143  736 

1631  1293 

High  Speed  Tranaportation  Syatema 


Highway  Tranaportation 
1881 


1608 


1588 


458 


629 


11  12 

Hob-Coatatah*  Madia 
1240 


1891 


544 


678 


813  1404 
1993 


779 


246  537  1619 


1032 


1469 


373 


1721  42 


722 


Factora  Engineering 

1034  515 
1065 


718 


719 


Organa 


136 


486 


350  291  292  1363  204  135  446  447  448  409 

430  1061  1262  1373  464  445  476  717  1278  449 

450  1341  1302  1653  774  1175  1256  1257  1338  719 


890  1371 

1362 

1094  1485 

1337  1738  929 

1340  1651 

1372 

1174  1655 

1339 

1370 

1652 

1364  1995 

1369 

1654 

1979 

1884 

1964 

1994 

Human  Skai 
Hunting  Motion 

1293  144  755 
Hydraulic  Equipment 

264 


264 

264 


486 


Hydraulic  Vahree 


Hydrodynamic  E*  citation 

1871 

nyarofiiiK  ufh 


255 


1244 


MSi  180432  333-406  467423  834-761  762948  8481117  1118-1318  1318-1603  1604-1721  1722-1871  1872-2031 


Volumes 


J 2 L. 


114 


Hyateretic  Damping 

661  1763  1584  1495 

1764 


1007 

1127 

1767 


Induatrial  Noiee 
892 

Inertial  Force* 

1690  83 

1913 


85 


1077 


-I- 


Inflatable  Bella 
930 


Impact  Dampen 


67 


1720 

Impact  rain 


Impact  Reaponae 

820  1263  1874 


Impact  Reaponae  (Mechanical) 
1611  1574 

Impact  Shock 
1171 


97  98 


537  1168 
1968 


136  1357  1618 


575  136  527  598  1109 
1535  1636  1637 


Impact  Taating 
1190  1402 


1204 


Inflatable  Structure* 
770  933 

Infraeonie  Frequencie* 
61 


Initial  Deformation  Effect* 
550  851  114 


butm  mentation 


534 


lateral  Equation* 

333 

Integral  Tranaformation* 


1757 


1416 

1506 


1928 


136 


626 


930  1031 

1242 

373  735 

1536  97 

99 

Interaction  i Fluid -Structure 

1570 

1303  1285 

127 

929 

1184 

1548 

1019 

1559 

Interaction:  Propeller- Rudder 

158 

l",,—1591 

1494 

1679 

interaction:  Rail- Wheel 
1680  731  312  733 

597 

1679 

induction  Motor* 

1681  732  1683 

1692  1693 

1682 

lnduatrial  Fi 

mfltti*. 

» 

htoraetkMi  Sofl  StractuvM 

1250  891 

1962 

893 

1346  1467  1628 

1770  431  1902  1383  44 

435 

436 

287 

288  1029 

1530  1071 

1963 

1860  971  1762  1908  1904 

1186 

708 

1991  1743  1744 

1386 

2038 

1761  1764 

1766 

1768 

*0*W8W 

Number*: 

MW 

169-332  333-4*6 

467-623  624-761 

762646 

*40-1117  1116-1316  1319-1603 

1604-1721  1722-1671 

1672-2031 

Volume  8 

. 

1 

2 2 

i fi 

fi 

i a a 

1L 

12 

US 


Interaction:  Structure-Fluid 

630  1551  494  175  137  1549 

1550  1607 

Interaction:  Structure-Medium 


Jet  Aircraft 
570  1221 


1475  1046  697  1258  699 
1476  1479 


Interaction:  Vetiide-Guideway 


Interaction:  Wheel-Pavement 

1300  315 

Interaction:  Wheel-Tire 


Jet  Engine* 

700  221  1283  694  1056  327  1478 

571  1343  1666  1477  1488 

1803 


Jet  None 


1642  1343  1344 
1852 


Interface:  Solid  Fluid 


Joint  Compliance  Extraction  Technique 


Interface:  Solid-Solid 


Joint  Force  Analytic 


Interferometer! 


Internal  Combuetion  Engine! 
682  723 
1282 


I486  1487  1918 


Internal  Damping 

662  164  665  377  1768  1789 

664  1755 

Internal  Friction 


Joint  Relaxation  Technique 


Joint!  (Junction) 

1990 


Journal  Bearings 

670  671  672  1934  1585  1586  1587  78  1899 

1710  ISM 


Iteration 

1390 


1063  814 
1753 


Kantorovich  Method 

1232 


1-tv  160-333  m wn  487-623  624-761  762-048  648-1117  1116-1318  1316-1603  1604-1721  1722-1871  1872-2031 


• L- 


Lagrange  Equation!  of  Motion 


949 


Lam  mate* 

110  111  1822  1023  54  1616  1827  1848  789 

790 


575  527  1109 


Landing  Craft 

Landing  Fiddi 

Landing  Gear 

1421  1253 

Landing  Impact 
1470 

Landtag  Pad* 

Landtag  Simulation 
Landtag  Simulator 

1403 

Laplace  Transformation 


574  575 


924 


575 


1124  335 
1794 


Large  Amplitude* 
1242 

Lateral  Response 

311 

Lateral  Vibrations 


814 


617 


1277 


1417 


1039 


248 


726 


Launchers 

720 

Launching  Response 
51  1332 
801 
811 

Launch  Vehicles 
620 

Layered  Materials 

Leading  Edge* 

Least  Squares  Method 
1532 

Lifting  Surface  Theory 
Limiting  Performance 
Linear  Programming 
r Sya 


1497 


945  1716 


777 


786 


158 


36 


36 


1850 

763 

95 

1849 

1 tasar  Theories 

143 

1325 

1953 

Liquid  Filled  Containers 


Liquid  PropeSant  Rocket  Engines 
1113 


1378 


Locomotive* 

311 

Longitudinal  Response 

72 


Longitudinal  Vibration* 


1865 


376  377 
1006 


94 


1-189  190-332  333498  497-823  924-761  762*49  049-1117  1118-1318  1319-1503  1604-1721  1722-1871  1872-2031 


Vohjnu  8 


J 2 2_ 


-111 11. 


-!2_ 


117 


S 

I 


f 


Longitudinal  Wave* 


8 

1008 


Lubrication 

1010 

1900 


1933  984  1015  1226 
1934 


78  99 

1009 
1899 


Lumped  Maaa  Method 
Lumped  Maea  Models 
Lumped  Parameter  Method 


1925 


1926 


1310 


92 


14 

1144 


Lyapunov  Approach 
1722 

Lyapunov's  Functions 
1243 


-M- 


Machine  Foundations 

2003  1274 

Machine  Noise 


1773 


300 

1890 


Mnchlnsry  Components 


Machinery  Note 

171  232  80S 
771  1072  913 
1971 


1019 


1727 


628 


299 


997 


797  398 
768 


Machinery  Vibration 
590  591  232 

911  592 
912 
992 

Machine  Tools 
140  301 
1660 


Machining 


Macroelement  Method 
1990 

Magnetic  Tapes 


Manipulators 

451 

Marine  Engines 
Marine  Propellers 


616  587  398  299 


724  725  56 

726 


1214 


Marine  Rudders 
941 

Marine  Transportation 
1101  1102 

Masonry 

Mass-Beam  Systems 
Mass  Matrices 

1330  1033 

Mass-Spring  Systems 


1794 


918  139 
1658  589 
919 
1659 
1999 


138  1659 


1737 


1077 


329 


2008 


899 


1724 


1376 


MM  IK-332  333-4M  407-023  624-781  752446  944-1117  1118-1310  1319-1803  1804-1721  1722-1871  1872-2031 


VolumsS 


Material  Damping 

1401  403  274 

1374 


4 

i 

Materials  Handling  Equipment 
1S40  451 

Mathematical  Cable* 


Mathematical  Modeling 


1730 

1526 

1967 

1876 

Mathematical  Models 

30 

91 

312 

53 

34 

95 

96 

17 

60 

311 

322 

143 

44 

115 

136 

177 

430 

531 

492 

293 

144 

795 

146 

527 

1410 

621 

632 

383 

284 

455 

226 

597 

1490 

631 

1152 

493 

294 

515 

416 

607 

1600 

731 

1472 

613 

304 

585 

586 

967 

1720 

961 

1822 

723 

314 

705 

766 

1037 

1680 

971 

1592 

833 

424 

725 

906 

1547 

1780 

1251 

1902 

1263 

574 

1065 

1096  1747 

1271 

1363 

744 

1105 

1346  2017 

1511 

1513 

1064 

1495  1356 

1767 

1741 

1543 

1134 

1515 

1486 

1867 

1701 

1943 

1264 

1925  1716 

1901 

1384 

1775 

1926 

2011 

1444 

1845  1646 

1484 

1635 

1706 

1544 

1685  1996 

1994 

1875  1836 

1755 
1835 

Mathematical  Programming 
1800 

Mathiau  Function* 

1247 

Matrix  Method* 

620  554  675 


532 


Measurement  Technique* 

1768 

1000  371  242  593 

894 

65 

656 

317 

678 

239 

1090  701  712  813 

1004 

235 

987 

918 

679 

1420  1001  912  1003 

1094 

535 

997 

1398 

1919 

2030  1201  1292  1073  1494 

1095 

1067 

1518 

1779 

1401 

1405 

1267 

1571 

1407 

59 

Measuring  Instruments 

370  371  652  653 

234 

235 

236 

1777 

768 

2031  803 

654 

535 

806 

1368  1729 

993 

804 

805 

1916 

1573 

1195 

1335 

1565 

18  19 

28  589 
88  889 

Measuring  Technique* 

1915 

98  899 

1920 

278  1079 
318  1129 

Mechanical  Admittance 

448  1289 

620 

458  1469 
478  1619 
518  1679 

Mechanical  Element* 

1227 

808  1999 
888  1789 

Mechaaiical  Impedance 

1748  1859 
1798 

620 

1206 

1059 

1838 

Mechanical  Systems 

1648 

910  1281  1872 

1957 

909 

1320 

1849 

Mechanisms 

92  93 

95 

96 

646 

1049 

Membrane* 

1435 

1436 

1247  1058 

129 

1465 

Membranes  (Structural  Members) 

274 

846 

1458 

1598 

Metal  Working 
1660  1661 
2000 

1284 

916 

917 

138 

Method  of  Characteristics 

841 

974 

105 

266 

1937 

I 
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Abstract 

Numbers 
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Volume  8 
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119 


- 

Method  of  Intermediate  Coordinate  Tranaformation 

Model* 

r 

1328  1329 

159 

Method  of  Steepest  Dement 

Model  Teating 

1625 

1040  1051  1052  63 

1106 

1698 

1039 

83 

1976 

1898 

Military  Aircraft 

1593 

1635 

1637 

Model  Teat* 

Miitary  Facilities 

285 

209 

Mode  Shape* 

Mine*  (Ordnance) 

130  251  442  123 

424  125  426 

307  418 

109 

1538 

160  271  1842  333 

864  225  586 

687  868 

519 

540  581  553 

1005  1526 

1817  948  1119 

Minimum  Weight  Design 

1330  1231  613 

1315 

1238 

1419 

1082  1473 

1787 

1049 

1890  1351  1323 

1415 

1809 

1222 

1411  2023 

1711 

Mining  Equipment 

712 

Monorail  Raiiraya 

2010 

Miaaile  Launcher* 

1497 

Monte  Carlo  Method 

1545 

617 

1529 

Miaaiie* 

330  51  1112  1173  1644 

1967  1198 

Mooring* 

t 

1561  1332 

1498 

377 

Miaaile  Silo* 

Motion  Compensation  Systems 

1561 

1101  1102 

Mobility  Method 

Motorcycle* 

1587 

1296 

Modal  Analyaia 

Motor  Truck* 

661  1182  303  1314  1145 

506  757  108 

209 

2012 

1641  1342  753  1454  1715 

846  997 

539 

1721  1922  1453  1644  1765  1146 

Motor  Vehicle  Noise 

1941  1952  1693 

1526 

470  471  472  413 

1095  166 

927  878 

469 

740 

1297 

Modal  Damping 

161  1803 

1507  1506 

Motor  Vehicle* 

1694  1695 

1299 

Modal  Method* 

772 

Mountings 

1911  642 

69 

Modal  Survey  Teat* 

1282 

1069 

944 

Mount* 

Modal  Teal* 

262 

1377 

____ 

MSS  iao-332  333486  487423  624-781  782848  848-1117  1110-1318  1318  1603  1604-1721  1722-1871  1872-2031 

Nun**rs 


Volum*8 


Nature  Parameter 


Moving  Loada 

310  142  374  73  1376  1377  1378  819 

862  744  1819 

1134 

Muffler* 

432  543  1439 

603 

Multi-Beam  Syatem* 

431  836 

Multidegree  of  Freedom  Syatema 

21  762  334  1303  37  1118  969 

1723 

Multifrequency  Oscillation* 

3 


Multistory  Building* 

1990  901  902  1064  1065  1837  1838  1269 

1731  1482 

Musical  Instrument* 

70  1795 


-N- 


Nacelles 

403 

NASTRAN  (Computer  Program*) 

340  492  493  495  496  497  498  499 

300  615  317  338 

1313 


1483 


Newton-Raphaon  Method 

757 


Noiae  Acouatk  Measurement 
722 


Noise  Barrier* 

1912  1633  874  875  926 
1034  1466 


Noise  Control 


340 

341 

1884 

637 

638 

Noise  Generation 

740 

81 

202 

333 

604 

455 

436 

937 

28 

219 

1030 

201 

302 

453 

1964 

715 

466 

1597 

178 

739 

1640 

281 

572 

463 

2004 

775 

776 

1697 

778 

939 

1670 

461 

802 

623 

1055 

1426 

1528 

1149 

1680 

1221 

1262 

1283 

1635 

1476 

1668 

1489 

1291 

1312 

1363 

1675 

1676 

1858 

1599 

1381 

1682 

1683 

1669 

1671 

1892 

1893 

1679 

1681 

1852 

Noise  Measurement 


350 

371 

332 

523 

404 

195 

466 

197 

168 

349 

1260 

411 

402 

593 

594 

405 

1056 

1527 

698 

379 

721 

712 

803 

1074 

923 

768 

469 

1371 

1362 

1073 

1174 

778 

569 

882 

1494 

918 

989 

1238 

1239 

1318 

1629 

1688 

1978 

1998 


Noise  Prediction 


731 

732  203 

1055  1076 

1859 

891 

623 

1346 

1291 

733 

1641 

Natural  Frequencies 


130 

251 

22 

123 

84 

160 

271 

122 

133 

114 

540  1031 

442 

153 

234 

550 

1111 

1842 

303 

864 

1330 

1231 

553 

1224 

1890 

1331 

613 

1724 

1411 

643 

1551 

943 

1711 

1123 

1323 

1803 


Volume! 


83  106  307  278  109 
123  426  687  418  319 
673  386  817  868  1119 
843  1016  837  948  1329 
863  1326  1447  1238  1439 
1003  1816  1657  1328  1619 
1023  1787  1418  1809 

1313  1817  1948 

1413 
1623 
1813 
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Noin  Redaction 

ISO  171  172  203  174  33  166  197  196  199 

260  201  202  403  19*  195  296  397  366  199 

470  471  412  443  204  493  306  407  396  369 

640  371  432  433  264  695  406  727  548  399 

700  731  462  543  344  873  636  837  568  639 

730  771  472  573  414  1035  796  877  728  729 

830  1011  372  603  484  1233  936  927  766  739 

920  1071  712  623  694  1473  1136  1037  838  839 

940  1291  732  693  874  1663  1666  1297  878  879 

1100  1381  892  733  1054  1863  1886  1467  928  1079 

1230  1521  1002  873  1234  1943  1976  1477  1033  1099 

1230  1961  1012  893  1324  2003  2006  1487  1628  1489 

1380  1981  1073  913  1984  1627  1868  1629 

1290  1292  1053  1677  1669 

1960  1602  1523  1687  lfiS 

1980  1962  1643  2007  1939 

1982  1943  1869 

2012  1963 
1832  1983 

Nobe(Sowd> 

710 


Nonlinear  Structural 
181 


950  1322 

ISIS  96 

488 

1320 

1723 

1338 

Nonlinear  Theoriea 

1460  762 

1505 

19 

KmfWtlrif  Identification 

Non- Proportional  Damping 

1744 

Normal  Mode  Method 

126 


Normal  Modee 

1330  961  124  625  608 

614  1923 
1024 


Noiee  Source  Identification 

740  1032  1213  1093  1656  1977  959 

1330  1343  1836 

1930  1643 

Noin  Tolerance 

292  135 

1632  1485 

Nondeatraetiee  Tearing 

244  336  367 

804 

Nandeetiuetiee  Teeting  Technique 
1782 

Nandeetnactire  Teeta 

1781  743 

Nonlinear  Ana*?* 

760  761  334  736 

Noaliaen  Programming 
1140 


Nocalee 

570  1221  623  778  199 

1013  1599 


Nudear  Exploeion  Damage 

216 

286 

Nuclear  Expioaion  Effect! 

360  32  53 

Nuclear  Expioaioua 
781  782 

Nudear  Fuel  Element! 

631  73  1684  1685  227  9 

313 

Nudear  Power  Plante 

170  141  212  213  104  146  267  1318  169 

1840  211  972  1693  266  1189 

I860  1491  1732  1186 

1761  1862 

1861 


I 


276  117  538 
1437  1798 


1597 


tl 5 336 
1785 


258 

1958 


Nuclear  Reactor  Component* 

1414  1855 
1864 


Optima  Drag* 
1800  141 
871 


Naira  Heaton 

2011  1383 

1863 


Andy* 

122  23  964  335 

162  153  974 


57  158  29 
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793  1718 

1403 


Vhration  Tuninf 


1178 


Viacodaatic  Foundation) 


1386 


1578  979 


Viecoetaeticity 

1610  1906 
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1952  1413  1607 

Viaeoaity  Effect) 

118 


Viscous  Darepisf 
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ABBREVIATION 


ACTA  MECHANICA  Acta 

IFRINOER  VENLAO  NEW  YORK  INC..  Mach 

IT*  FIFTH  AVB.. 

NEW  YORK.  N Y 10010 

ACUSTICA  Acuttica 

0.  HIRZEL  VENLAO.  7 OTUTTGAAT  N. 

MRKENWALOOTN.  1 00  A.  FOOT  IF  M7. 

OERMANV 


AERON7  UTICAL  JOURNAL  Aeronaut 

NOVA  AERONAUTICAL  OOCIETV.  J. 

4 HAMILTON  PLACE.  LONDON 
W1V  OOQ,  ENGLAND 


AERONAUTICAL  QUARTERLY  Aeronaut. 

ROYAL  AERONAUTICAL  OOCIETV.  Quart. 

4 HAMILTON  PLACE.  LONOON 
pnv  ooa  ENGLANO 


AERONAUTICAL  SOCIETY  OP  INOIA  JOURNAL  Aaronout. 

SHRI  R.  N.  RATH  JO  tJ-0.  INORAPRAOTHA  Soc 

EOT  ATE.  RINQ  NO..  NEW  DELHI  1 . INOIA  India  J. 


AIAA  JOURNAL 

AMERICAN  INSTITUTE  OP  AERONAUTICS  ANO 
ASTRONAUTICS.  I2SO  AVE.  AMERICAS. 

NEW  YORK.  N Y 10010 

APPLIED  MATHEMATICS  AND  MECHANICS 
(En#ah  Translation  of  Prikladneya 
Matamatika  i Mafchanike) 

PERGA  MON  PRESS.  MAXWELL  SCIENTIFIC 
INTERI4ATIONAC  'NC  44-01  J1ST  ST  . 

NEW  YORK.  N Y 11101 

ARCHIVE  FOR  RATIONAL  MECHANICS  AND 
ANALYSIS 

SPRINOER'VERLAO  NEW  YORK  INC. 
tn  FIFTH  AVE.. 

NEW  YORK.  N.V.  10010 


AIAA  J. 


Archive 

Rational 

Mach. 

Anal. 


BULLETIN  OF  JAPAN  SOCIETY  OF  MECHANICAL  Bull  JSME 
ENGINEERS 

JAPAN  SOCIETY  OF  MECHANICAL  ENGINEERS. 

NIHON  KIKAKO  KYOKAI  SLOG.,  1J4.4-CHOME. 

AKASAKA.  MINATO-KU.  TOKYO.  JAPAN 


BULLETIN  OF  SEISMOLOGICAL  SOCIETY  OF  Bull. 

AMERICA  Saitmol. 

BRUCE  A.  BOLT.  SOX  020.  Soc.  Amor. 

BERKELEY,  CALIF  04700 


CIVIL  ENGINEERING  (NEW  YORK)  Ci v.  Engr 

ASCE  PUBLICATIONS  OFFICE  (N  Y.) 

( 4STH  ST. 

UNITED  ENGINEERING  CENTER. 

NEW  YORK,  N.V.  10017 


CLOSED  LOOP  Closed  Loop 

MIT  SYSTEMS  CORE. 

T O SOX  34012 
MINNEAPOLIS.  MINN.  S6434 


COMPUTERS  AND  STRUCTURES  Computers 

PERGA  MON  TRESS  INC..  end  Struc. 

MAXWELL  HOUSE.  TAIRVIEW  TARK. 

CLMSTORD.  NEW  YORK  10023 


DESIGN  NEWS  Design  Newt 

CAHNERS  TUOLISHINO  CO..  INC. 

221  COLUMOUS  AVI. 

SOS  TON.  MASS.  021  IS 


DIESEL  ANO  GAS  TURBINE  PROGRESS 

DIESEL  ENGINES.  INC. 

T O.  BOX  7408 
MILWAUKCC.  WISC.  63213 


Diesel  end 
Get  Turbine 

Progress 


ENGINEERING  MATERIALS  ANO  OESIGN  Engr  Metl 

ITC  INDUSTRIAL  TRESS  LTD..  DtS. 

33-40  BOWLING  GREEN  LANE. 

LONOON  CC1R.  ENGLANO 


ARCHIWUM  MECHANIKI  STROSOWANEJ 
EXTORT  ANO  IMPORT  ENTCRTRltC  RUCH. 
UL.  WRONIA  23.  WARSAW.  TOLANO 

Arc.  Mach. 
Strosowenej 

AUTOMOBILE  ENGINEER 
ITC  TRANSPORT  TRESS  LTD.. 
DORSET  HOUSE,  S TAMP  OR  0 ST.. 
LONOON  SSI.  ENGLAND 

Auto. 

Ertfr. 

AUTOMOBILTECHNISCHE  ZEITSCHRIFT 
FRANC XH  fCHE  VERLAGSHANOLUNG 
ASTI  1 LUNG  TfCHNIK, 

7 STUTTGART  1 , PFIZER! TRASSC  6-7. 
GERMANY 

Automobil 
wch.  Z. 

ENVIRONMENTAL  QUARTERLY  Environ. 

ENVIRONMENTAL  TUSLlCATlONS.  INC..  Quert. 

262-46  LEEDS  RO.. 

LITTLS  NECK.  N.V.  113B2 

ENVIRONMENTAL  SCIENCE  AND  TECHNOLOGY  Environ. 

AMERICAN  CHf  MICAL  SOCIETY  Sci.  Tech. 

1166  1STHST..  N.W. 

WASHINGTON.  D C 2003S 

EXPERIMENTAL  MECHANICS  Exptl. 

SOCIETY  TOR  EXTERIMENTAL  STRESS  Mich. 

ANALYSIS.  21  BRIDGE  SO.. 

WCSTTORT.  CONN.  08880 


•ALL  BEARING  JOURNAL  (Entfish  Edition)  Bell 

AKTIESOLAGET  EVE  NEKA  KULLAGERT  ASRIKEN.  Beering  J. 

OOTCNSORO.  SWEDEN 


BAUINGENIEUR 

•FRlNGCR-VtRLAG  NEW  YORK  INC. 
176  TlTTH  AVE..  NEW  YORK.  N.V.  10010 

BROWN  BOVERl  REVIEW 

BROWN  BOVERl  ANO  CO  . LTD. 

CH4401.  BAOEN.  SWITZERLAND 


BULLETIN  DE  L’ACAOEMIE  POLONAISE  DEB 
SCIENCES.  Uni€S  OES  SCIENCES  TECHNIQUES 

EXTORT  ANO  IMTORT  ENTCRTRltC  RUCH. 

UL.  WRONIA  23. 

WARSAW.  TOLANO 


BULLETIN  OP  THE  FACULTY  OF  ENGINEERING.  Bull.  Fee. 
YOKAHOMA  NATIONAL  UNIVERSITY  Env. 

YOKAHOMA  NATIONAL  UNIVERSITY,  Yofccho me 

OH KA -MACH I,  MINAMI-KU  Nad.  Univ. 

YOKAHOMA.  JAPAN 
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INSTITUTION  or  CIVIL  ENGINEERS 
GREAT  GEORGE  ST  ? 

WESTMINSTER.  LONOON.  SWIT  3AA 
ENGLANO 

HIGH-SPEED  GROUND  TRANSPORTATION  JOURNAL  High-Speed 
HiGH-srcco  QROUNO  TRANSPORTATION  Ground 

JOURNAL.  T O.  SOX  48M.  Tranep.  J. 

DUKE  STATION.  DURHAM.  NC.  27 70S 

IBM  JOURNAL  OF  RESEARCH  ANO  DEVELOPMENT  IBM  J. 
INTERNATIONAL  BUSINESS  MACHINES  CORP..  Res.  OtV. 

ARMONK.  N.V.  1M04 

ICP  QUARTER  L*' 

INTERNATIONAL  COMPUTER  PROGRAM.  INC.. 

3611  IAST4STHET.. 

INOI  ANATOLIS.  I NO 


Forsch. 

Ingenieurw. 

Geotech. 


ICP  Quart. 
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PUBLICATION  ANO  ADDRESS 


ABBREVIATION 


ABBREVIATION 


INDUSTRIAL  RESEARCH 

DUSt-OONMLLEV  PUBLISHING  COMP 
»3  > RIVERSIDE  PLAZA 
CHICAGO.  ILL  SOSOS 

INGENIEUR  ARCHIV 

SPRINGER  VERLAG  NCR  YORK  INC. 

ITS  FIFTH  AVE, 

NEW  YORK.  N Y 10010 

INSTITUTION  OF  MECHANICAL  ENGINEERS. 

(LONDON).  PROCEEDINGS 

INSTITUTION  OP  MECHANICAL  ENGINEERS 
1 SIROCAGE  WALK.  WESTMINSTER, 

LONDON  SWI.  ENGLAND 

INSTITUTION  Of  NAVAL  ARCHITECTS.  TRANS- 
ACTIONS 


Indus.  Rat. 


Ins-  Arch. 


Ins  In. 

MkR.  Enf 
Hoc. 


Instn.  Naval 
Arch..  Trans 


INSTRUMENTATION  Instr. 

HONEYWELL,  INC 
PORT  WASHINGTON.  PA.  ISOM 

INTERNATIONAL  CONGRESS  ON  ACOUSTICS  Inti.  Cons- 

Acoust. 


INTERNATIONAL  JOURNAL  OF  CONTROL 

TAYLOR  ANO  PRANCIS  LTD. 

1014  MACKLINST 
LONDON  WC2S  SNP.  ENGLAND 

INTERNATIONAL  JOURNAL  OF  EARTHQUAKE 
ENGINEERING  ANO  STRUCTURAL  DYNAMICS 

JOHN  WILEY  ANO  SOM.  LTD.. 

SSS  THIRO  AVE.. 

NEW  YORK.  N Y I001S 


Inti.  J. 
Control 


mtl.  J. 


Same. 

Dynwn. 


INTERNATIONAL  JOURNAL  OF  ENGINEERING  Inti.  J. 

SCIENCES  Enfr.  Sei. 

PERGA  MON  PRESS.  MAXWELL  SCI  EN  TIP  1C 
INTERNATIONAL.  INC  . 4441  It  ST  ST, 

NEW  YORK.  N.Y.  11101 


ISRAEL  JOURNAL  OF  TECHNOLOGY 

WEIZMANN  SCIENCE  PRESS  OP  ISRAEL. 

SOX  SOI.  JERUSALEM.  ISRAEL 

JOURNAL  OE  MECANIQUE 

GAUTHIER  VILLARS. 

66  QUAIDES  GRANDS 
AUGUSTINES.  PA.. IS  S.  PRANCE 

JOURNAL  OF  THE  ACOUSTICAL  SOCIETY  OF 
AMERICA 

AMERICAN  INSTITUTE  OP  PHYSICS. 

NS  E.  46 TM  ST  . 

NEW  YORK.  N.Y.  10010 

JOURNAL  OF  AIRCRAFT 

AMERICAN  INSTITUTE  OF  AERONAUTICS  AND 
ASTRONAUTICS.  1290  AVE  AMERICAS. 

NEW  YORK.  N.Y.  1001S 

JOURNAL  OF  THE  AMERICAN  CONCRETE 
INSTITUTE 

AMERICAN  CONCRETE  INSTITUTE 
P.O.  SOX  47S4. 

REOFORO  STATION. 

DETROIT.  MICH  4S21S 

JOURNAL  OF  THE  AMERICAN  HELICOPTER 
SOCIETY 

AMERICAN  HELICOPTER  SOCIETY.  INC, 
SOE.42NOST, 

NEW  YORK.  N.Y.  10017 

JOURNAL  OF  THE  AUDIO  ENGINEERING 
SOCIETY 

AUDIO  ENGINEERING  SOCIETY, 

106  LISERTY  ST, 

UTICA.  N.Y.  13602 

JOURNAL  OF  AUTOMOTIVE  ENGINEERING 

TWO  Pf  NMVLVANIA  PLAZA 
NEW  YORK.  N.Y.  10001 


Itraal  J. 
Tach. 


J.  da 

Macaniqua 


J.  Acoust 
Soc  Amar. 


J.  Aircraft 


J.  Amar. 
Conertta 
Inst. 


J.  Amar. 

Halicoptar 

Soc. 


J.  Audio 
Enfr.  Soc. 


J.  Automot. 
En*r. 


INTERNATIONAL  JOURNAL  Of  FRACTURE  Inti.  J. 

NOOROHOPP  INTERNATIONAL  PUBLISHING  CO.  Fract. 

P.O.  SOX  IS.  LEIDEN 
NSTHERLANOS 


JOURNAL  OF  COMPOSITE  MATERIALS  J.  Compoa- 

TECHNOMIC  PUBLISHING  CO,  INC.  it*  Mat). 

110  SUMMER  ST.. 

STAMP ORD.  CONN.  OttOt 


INTERNATIONAL  JOURNAL  OF  MACHINE  TOOL 
DESIGN  ANO  RESEARCH 

PSROAISON  PR itS.  MAXWELL  SCIENTIFIC 
INTERNATIONAL.  INC  . 4*01  21  ST  ST, 

NSW  YORK.  N.Y  11101 


INTERNATIONAL  JOURNAL  OF  MECHANICAL 
SCIENCES 

PtAGAMON  PRESS.  MAXWELL  SCIENTIFIC 
INTERNATIONAL.  INC,  4401  21 ST  ST  . 

MW  YORK.  N.Y.  11101 


INTERNATIONAL  JOURNAL  OF  NONLINEAR 
MECHANICS 

PSROAtaON  PRESS.  MAXWELL  SCIMTIPIC 
INTERNATIONAL.  INC,  4401  21 ST  ST. 

MW  YORK.  N.Y.  11101 


INTERNATIONAL  JOURNAL  FOR  NUMERICAL 
METHODS  IN  ENGINEERING 
JOHN  WILEY  ANO  SOM.  LTO, 

SSS  THIRO  AY*  . 

NBW  YORK.  N.V.1001S 


Inti.  J. 


Mach.  Tool 
Oaa.  Rat. 


Inti.  J. 


Mach.  Bel. 


Inti.  J. 


JOURNAL  OF  ENGINEERING  MATHEMATICS  J.  Engr 

NOOROHOPP  INTERNATIONAL  PUSLISHINO  CO.  Math. 

P.O.  BOX  20.  LEIDEN 
NETHERLANDS 

JOURNAL  OF  ENVIRONMENTAL  SCIENCES  J.  Environ. 

INSTITUTE  OP  ENFIRONMSNTAL  SCIENCES.  Sei. 

*40  I.  NORTHWEST  HIGHWAY. 

MT  PROSPECT.  ILL.  BOOM 

JOURNAL  OF  FLUIO  MECHANICS  J.  Fluid 

CAMSRIOOS  UNIVERSITY  PRESS.  Mach 

32  « S7TH  ST. 

NSW  YORK.  N.Y.  10022 

JOURNAL  OF  THE  FRANKLIN  INSTITUTE  J.  Franklin 

FRANKLIN  INSTITUTE  OP  THE  STATE  OP  I nit. 

PENNSYLVANIA.  PHILADELPHIA.  PA  1*102 

JOURNAL  OF  THE  INSTITUTE  OF  ENGINEERS.  J.  limn. 

AUSTRALIA  Enp, 

SCIENCE  HOUSE.  OLOUCTER  AND  ESSEX  ST.  AultraHa 

STONE Y.  AUSTRALIA  2000 


INTERNATIONAL  JOURNAL  OP  SOLIOB  ANO 
STRUCTURES 

PSROAMON  PR  120.  MAX  WILL  2CMNT1PIC 
INTERNATIONAL.  INC, 4401  212TIT. 

MW  YORK.  N.V.1 1101 


JOURNAL  Of  THE  INSTITUTION  Of  ENGINEERS 
(INDIA).  MECHANICAL  ENGINEERING  DIVISION 
INSTITUTION  OP  ENGINEERS  IINOIAI. 

• OOKHALB  RD.  CALCUTTA  20.  INOI A 


J.  Inttn. 

Erir. 

(Indial 
Mash.  Enfr. 
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JOURNAL  OF  MECHANICAL  ENGINEERING 
SCIENCE 

INSTITUTION  Of  MECHANICAL  ENGINEERS. 

I BIRDCAGE  WALK.  WESTMINSTER. 

LONDON  SWI.  ENGLAND 


JOURNAL  OF  MECHANICAL  LABORATORY  OF 
JAPAN  (Englidi  Edition) 

THE  GOVERNMENT  MECHANICAL  LAS.. 

AGENCY  Of  INDUSTRIAL  SCIENCE  ANO 

TECHNOLOGY.  4-1 2 

IGUSA  SUGINAMI  KU.  TOKYO.  JAPAN 


JOURNAL  OF  THE  MECHANICS  ANO  PHYSICS  OF 
SOLIDS 

PERGAMON  PRESS.  MAXWELL  SCIENTIf  1C 
INTERNATIONAL.  INC..  *401  21ST  ST. 

NEW  YORK.  N.V.tltOt 


JOURNAL  OF  PHYSICS  E.  (SCIENTIFIC 
INSTRUMENTS) 

AMERICAN  INSTITUTE  Of  PHYSICS. 

US  E.  44 TH  ST.. 

NEW  YORK.  N.V.  10017 


JOURNAL  OF  RESEARCH  OF  THE  NATIONAL 
BUREAU  OF  STANOAROS.  SECTION  C. 
ENGINEERING  ANO  INSTRUMENTATION 
SUPERINTENDENT  Of  DOCUMENTS. 

US.  GOVERNMENT  PRINTING  Of  PICE 
WASHINGTON.  O.C.  20402 


JOURNAL  OF  SHIP  RESEARCH 

SOCIETY  Of  NAVAL  ARCHITECTS  ANO 
MARINE  ENGINEERS. 

20TH  ANO  NORTHHAMPTON  ST., 

EASTON.  PA.  , 

JOURNAL  OF  THE  SOCIETY  OF  ENVIRON- 
MENTAL ENGINEERS 
THE  MOOING  PRESS  LTD.. 

4 CONDUIT  ST.. 

LONOON  W1RSTG,  ENGLAND 

JOURNAL  OF  SO  UNO  AND  VIBRATION 

ACADEMIC  PRESS. 

Ill  PlfTH  AVE.. 

NEW  YORK.  N Y I001S 

JOURNAL  OF  SPACECRAFT  ANO  ROCKETS 
AMERICAN  INSTITUTE  Of  AERONAUTICS 
ANO  ASTRONAUTICS. 

I2S0  AVE  AMERICAS. 
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JOURNAL  OF  TESTING  ANO  EVALUATION 
AMERICAN  SOCIETY  FOR  TESTING  4 MATERIALS 
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JPL  QUARTERLY  TECHNICAL  REVIEW 
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CALIFORNIA  INSTITUTE  TECHNOLOGY. 
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Mam.  Fac. 
En*r- 
Kyoto 
Univ. 

MEMOIRES  OF  THE  FACULTY  Of  ENGINEERING. 
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MTZ  MOTORTECHNISCHE  ZEITSCHRIFT 
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Control 
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TECHNIKI  PAN.  WARSAW  Ul. 

SWIETOKRZYSKA  21. 

WARSAW.  POLAND 

Pel.  Acad 
Sci..  Imt. 
Fund.  Tech. 
Rw..  Proe. 
Vib.  ProW. 
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ON. 

JOURNAL  OF  THE  SOIL  MECHANICS  ANO 
FOUNDATIONS  DIVISION 

ASCE  J. 
Soil  Maeh. 
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MELTON  MOW9RAY.  LEICESTERSHIRE. 

ENGLAND 

SAE  PREPRINTS 
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DATE 


1977 

££* 


Automotive  Engineering  Confro  and  Expo  tit  Ion 
I9AE  Annual  Mewing),  SAE 


39-4 


Symposium  on  tlodynamlc  Models  and  Thalr 
Applications.  CHA9A  of  NAS-NRC 


19-17 


MAfl 


Oaa  Turbina  Confaranee  and  Products  Show,  ASME  37-31 
Joint  Railroad  Conference,  IE  EE/ ASME  30-3 


American  Power  Ccnfaranco,  III.  Inst.  Tech. 


APR 

19-30  1 


Design  Engineering  Conference  and  Show,  ASME  | 19-31  | 
Mini- Conference  on  Trantportatlon  I 19-31  I 


Diesel  and  Qas  Engine  Power  Conference 
and  Exhtolt.  ASME 

IES  Annual  Mewing 

Inter nwlonal  Conference  - Tribology 


34-38 

34-37 

April 


31st  Annual  Technical  Conference.  ASGC 

93rd  Mowing  of  tha  Acoustical  Society  of  America 

Structures,  Structural  Dynamics  and 
Metwlols  Conference,  AIAA 


MAY 

19-10 

17-30 

May 


Pools  and  Lubricants  Mowing,  SAB 
Applied  Maahanles  Confaranee.  ASMS 


7-9 

14-19 


Lubr  lorn  Ian  Symposium.  ASME 


Juno 


CALENDAR 


LOCATION 

CONTACT 

4 

O 

Detroit,  Ml 

SAE  Hq. 

Dayton,  OH 

O.  Thomas  Collins,  Unlv.  of  Dayton 
Dayton.  OH  4B4S9 

Philadelphia,  PA 

ASME  Hq. 

Waghinfton,  O.C. 

. 

IEEE  Hq. 

Chicago,  IL 

R.A.  Budenholter,  Dir. 

A PC  c/ollT.lOW  36th  St. 
Chic  ago,  IL  60019 

New  York,  NY 

ASME  Hq. 

Ann  Arbor,  Ml 

Highway  Safety  Reeearch  Institute 
Tha  University  of  Michigan 
Ann  Arbor,  Ml  4S109 
Tale.  (313)  764-31 M 

Dallas,  TX 

ASME  Hq. 

Los  Angelas,  CA 

IES  Hq. 

Cambridge.  MA 

Lt.  R.S.  Miller,  Coda  31 1 
Office  of  Naval  Research 
Sallston  Tower  No.  1 
Arlington.  VA  33117 
Tala.  992-4421 

PhEadalphlo,  PA 

R.W.  Shearman,  A9QC  Hq. 

State  Call  age.  PA 

J.  C Johneon,  Chairman,  ASA 

AIAA  Hq. 

Tulte.OK 

SAE  Hq. 

Now  Haven,  CT 

ASME  Hq. 

St.  Louis,  MO 

ASME  Hq. 

CALENDAR 

MEETING 

DATE 

LOCATION 

CONTACT 

Vibration*  Confaranea.  ASME 

1S77 

1E£J 

26-28 

Chicago,  IL 

ASME  Hq. 
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AFIPS. 

American  Federation  of  Information 
Proceesing  Societies 

210  Summit  Ave.,  Montvale,  N.J.  07645 

CCCCAM. 

IEEE. 

Chairman,  c/o  Dept.  ME,  Univ.  Toronto, 
Toronto  5,  Ontario,  Canada 

Institute  of  Electrical  and  Electronics  Engineers 

AGMA: 

American  Gear  Manufacturers  Association 
1330  Mess.  Ave  . N.W. 

Washington,  D.C. 

IES: 

345  E.  47th  St. 

New  York.  N.Y.  10017 

Institute  Environmental  Sciences 

AIAA: 

American  Institute  of  Aeroneutics  and 
Astronautics,  1290  Sixth  Ave. 

New  York.  N.Y.  10019 

IFToMM: 

940  E.  Northwest  Highway 
Mt.  Prospect.  III.  60056 

International  Federation  for  Theory  of 

AlChE: 

American  Institute  of  Chemical  Engineers 
346  E.  47th  St. 

New  York,  N.Y.  10017 

Machines  and  Mechanisms.  US  Council  for 
TMM,  c/o  Univ.  Mass.,  Dept.  ME.  Amherst, 
Mass.  01002 

AREA: 

American  Railway  Engineering  Association 
59  E.  Van  Buren  St. 

Chicago.  III.  60605 

INCE: 

Institute  of  Noise  Control  Engineering 
P.O.  Box  3206,  Arlington  Branch, 
Poughkeepsie.  N.Y.  12603 

AHS: 

American  Helicopter  Society 
30  E.  42nd  St. 

New  York.  N.Y.  10017 

ISA 

ONR: 

Instrument  Society  of  America 
400  Stanwix  St..  Pittsburgh,  Pa.  15222 

Office  of  Naval  Research 

ARPA: 

Advanced  Research  Projects  Agency 

Code  40064,  Dept.  Navy.  Arlington.  Va.  22217 

ASA: 

Acoustical  Society  of  America 
335  E.  45th  St. 
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